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1
DISPLAY DEVICEL

CROSS-REFERENCE TO RELAT.
APPLICATION

T
.

This application claims priority to and the benefit of

Korean Patent Application No. 10-2011-0105325 filed 1n the
Korean Intellectual Property Office on Oct. 14, 2011 and
Patent Application No. 10-2011-0106424 filed 1n the Korean
Intellectual Property Office on Oct. 18, 2011, the entire con-
tents of which are incorporated herein by reference.

BACKGROUND

1. Technical Field
The present invention relates generally to a display device,
and particularly to a display device having a voltage com-

monly applied to each pixel through wiring.

2. Description of the Related Art

Currently, flat panel displays are widely used as display
devices for various applications. Flat panel displays are gen-
erally classified into liquid crystal display, organic light emat-
ting device, electrophoretic display, plasma display device,
and micro-shutter display device.

Among them, liquid crystal display panel, which 1s one of
the more common types of flat panel displays currently in use,
comprises two sheets of substrates with field generating elec-
trodes such as a pixel electrode and a common electrode, and
a liquid crystal layer interposed therebetween. The liqud
crystal display generates electric fields in the liquid crystal
layer by applying voltages to the field generating electrodes,
thereby determining the alignment of liquid crystal molecules
in the liquid crystal layer and controlling polarization of
incident light.

A storage capacitor receives a storage voltage to maintain
liquid crystal molecules aligned by the electric field for a
predetermined time period (one frame).

Also, according to a pixel structure of the liqud crystal
display, one pixel 1s divided into at least two subpixels, and an
clement such as a transistor connected to the storage voltage
may be used to apply different electric fields between the
liquad crystal layers of the subpixels.

As described above, when a constant voltage such as the
storage voltage 1s applied to each pixel through a wiring, the
magnitude of the storage voltage varies according to the posi-
tion of the pixel.

Also, 1n the liquid crystal display, 1n addition to the wiring
(storage voltage line) transmitting the storage voltage, a gate
line and a data line intersect each other such that the storage
voltage line may intersect one of the wirings or partially
overlap one of the wirings. In this case, a gate voltage signal
or a data voltage signal applied to each pixel may be delayed.

The data voltage 1s changed every horizontal period 1H.
However, the data voltage may be delayed by wiring, an
clectrode formed near the wiring, or an electrode formed on
an opposing substrate.

Further, the aperture ratio or transmittance may be reduced
by addition of separate wiring.

In addition, when forming a color filter in a lower panel, the
cell gap 1s decreased at a position where the gate line and the
data line cross such that a layer formed at the position where
the gate line and the data line cross may be easily shorted to a
common electrode of an upper panel.

This may be generated 1n other flat panel displays as well as
the liquad crystal display, even 1t a storage voltage 1s not used,
and the same problem may be generated in the case of a
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2

voltage (for example, a common voltage, a reference voltage,
etc.) that 1s equally applied to a plurality of pixels through the
wiring.

Meanwhile, among the liquid crystal displays, a vertically
aligned mode liquid crystal display 1n which a long axis of the
liquid crystal molecules are arranged to be perpendicular to a
display panel in the state in which an electric field 1s not
applied has been 1n the limelight due to a high contrast ratio
and a wide reference viewing angle thereof. However, the
vertically aligned mode liquid crystal display may not pro-
vide the same display quality when viewed from a side as
when viewed from the front. In order to solve the problem,
one pixel 1s partitioned 1into two subpixels and voltages of the
two subpixels are adjusted to be different from each other to
change transmittance. In this liquid crystal display, when
differently controlling the voltages of the two subpixels, the
voltage that 1s commonly applied inside the liquid crystal
display may be changed.

The above mnformation disclosed in this Background sec-
tion 1s only for enhancement of understanding of the back-
ground of the ivention and therefore 1t may contain infor-
mation that does not form the prior art that 1s already known
in this country to a person of ordinary skill in the art.

SUMMARY

In one aspect, the invention provides a display device 1n
which a constant voltage 1s applied without regard to a posi-
tion of a pixel when each pixel 1s applied with a voltage
through wiring.

In another aspect, the invention 1s a display device 1n which
delay 1n data voltage transmission due to wiring transmitting
the constant voltage to each pixel 1s prevented.

In yet another aspect, the invention 1s a display device 1n
which a delay of the data voltage due to wiring or an electrode
formed neighboring to the data line or formed 1n an opposed
substrate 1s prevented.

In yet another aspect, the invention 1s a display device 1n
which a reduction of an aperture ratio and a transmittance due
to a separate wiring 1s prevented.

In yet another aspect, a display device in which a short with
a common electrode of an upper panel at a position where a
gate line and a data line are crossed 1s prevented even though
a color filter 1s formed 1n a lower panel.

In yet another aspect, the present invention prevents a
change of a voltage commonly applied 1nside a liquid crystal
display.

In yet another aspect, a display device according to the
invention includes: a plurality of gate lines; a plurality of data
lines; a plurality of first wires extending in a direction of the
gate lines; a plurality of second wires extending in a direction
of the data lines; and a plurality of pixels. One pixel includes
a first subpixel having a first subpixel electrode and a first
switching element, and a second subpixel having a second
subpixel electrode, a second switching element, and a third
switching element. The first switching element includes a first
control terminal connected to one of the plurality of gate
lines, a first put terminal connected to one of the plurality of
data lines, and a first output terminal connected to the first
subpixel electrode. The second switching element includes a
second control terminal connected to the same gate line as the
first switching element, a second input terminal connected to
the same data line as the first switching element, and a third
output terminal connected to the second subpixel electrode.
The third switching element includes a third control terminal
connected to the same gate line as the first switching element,
a third input terminal connected to the output terminal of the
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second switching element, and a third output terminal con-
nected to one of the plurality of second wires. The plurality of
first wires and the plurality of second wires are electrically
connected to each other 1n at least one of the plurality of
pixels.

One of the plurality of the first wires and one of the plural-
ity of second wires may be electrically connected to each
other at a protrusion of the first wires.

The first wire may be a main storage voltage line, the
second wire may be an assistant storage voltage line, and the
first wire and the second wire may be supplied with a storage
voltage.

A plurality of main storage voltage lines may be connected
by a pair of storage voltage bars, and a plurality of assistant
storage voltage lines may be connected by at least one assis-
tant storage voltage bar.

A pair of storage voltage bars may be positioned at respec-
tive ends of the plurality of main storage voltage lines, and at
least one assistant storage voltage bar may be connected to a
plurality of assistant storage voltage lines of a portion formed
at a left side, while tone of the pair of storage voltage bars may
be connected to a plurality of assistant storage voltage lines
formed at a right side.

The pair of storage voltage bars and the at least one assis-
tant storage voltage bar may receive the storage voltage from
a pad portion of a data driver.

The pad portion of the data driver applying the storage
voltage to the pair of storage voltage bars and the at least one
assistant storage voltage bar may include two pad portions
formed at a leftmost side and two pad portion formed at a
rightmost side.

A plurality of the second wires may overlap the pixel
clectrode.

The first subpixel electrode and the second subpixel elec-
trode may respectively include a transverse stem, a longitu-
dinal stem, and minute branches, and the assistant storage
voltage line may include a portion formed according to the
longitudinal stem.

The assistant storage voltage lines may include a first assis-
tant storage voltage line and a second assistant storage volt-
age line, the first assistant storage voltage line may include a
portion overlapping the longitudinal stem of the first subpixel
clectrode and a portion extending toward a protrusion of the
main storage voltage line, and the second assistant storage
voltage line may 1nclude a portion overlapping the longitudi-
nal stem of the second subpixel electrode and a portion con-
nected to the third switching element.

Atleast one of the first assistant storage voltage line and the
second assistant storage voltage line may include a portion
overlapping the transverse stem.

The second assistant storage voltage line may be connected
to a third drain electrode of the third switching element.

The second assistant storage voltage line and the third drain
clectrode may extend to the protrusion of the main storage
voltage line, and the first assistant storage voltage line, the
second assistant storage voltage line, and the main storage
voltage line may be electrically connected to each other at the
protrusion of the main storage voltage line.

The first assistant storage voltage line and the second assis-
tant storage voltage line may be directly connected at the
protrusion of the main storage voltage line and formed with
the same material.

The display device may further include a shielding elec-
trode line formed according to the data line.

The assistant storage voltage lines may be divided into a
first assistant storage voltage line and a second assistant stor-
age voltage line, and the first assistant storage voltage line and
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the second assistant storage voltage line may be connected by
a storage electrode connecting member.

The second wire may be a shielding electrode line overlap-
ping the data line and extending in the direction of the data
line, and the shielding electrode line may include a first por-
tion that expands while being bent 1n the transistor region, an
extension extending from the first portion without overlap-
ping with the data line, and a connection curving toward the
data line.

One pixel further may include a transistor region between
the first subpixel and the second subpixel, and the shielding
clectrode line may include a first portion extending toward the
transistor region, an extension extending from the first por-
tion without overlapping with the data line, and a connection
curved toward the data line.

The first portion may be electrically connected to the main
storage voltage line through a contact hole.

The main storage voltage line may include a first storage
clectrode and a second storage electrode, and a protrusion of
the first storage electrode and a protrusion of the second
storage electrode may be connected by a storage electrode
connecting member.

The first storage electrode may be formed in the first sub-
pixel, the second storage electrode may be formed 1n the
second subpixel, the main storage voltage line may be con-
nected directly to the first storage electrode, and the second
storage electrode may be connected to the main storage volt-
age line through the storage electrode connecting member or
the first storage electrode.

The storage electrode connecting member may only be
formed 1n one of a plurality of neighboring pixels.

As described above, the display device according to the
present invention may apply a constant voltage without
regard to the position of the pixel when applying the voltage
to each pixel through the wires.

In yet another aspect, the mvention 1s a liquid crystal dis-
play that includes: a first substrate including a display area
and a peripheral area enclosing the display area; two storage
voltage bars respectively positioned in the peripheral area at
both sides of the display area; a plurality of gate lines formed
on the first substrate; a plurality of main storage electrode
lines positioned on the first substrate and connected to the two
storage voltage bars; a plurality of data lines positioned on the
first substrate and intersecting the gate lines; a plurality of
pixels connected to the plurality of gate lines and the plurality
of data lines; and an assistant storage voltage line electrically
connected to the main storage electrode line, wherein each
pixel includes a first thin {ilm transistor and a second thin film
transistor connected to a gate line and a data line, a third thin
film transistor connected to a gate line, a second thin film
transistor, and a main storage electrode line, and a pixel
clectrode including a first subpixel electrode connected to the
first thin film transistor and a second subpixel electrode con-
nected to the second thin film transistor.

A plurality of assistant storage voltage lines may be formed
and may be connected to the main storage electrode line
through a third thin film transistor in each pixel.

Each assistant storage voltage line may be positioned on a
data line.

The display device may further include a storage voltage
transmitting line positioned 1n the peripheral area and apply-
ing a storage voltage to the storage voltage bar, wherein the
width of the storage voltage bar may be gradually increased
from an edge connected to the storage voltage transmitting
line to an edge facing the edge connected to the storage
voltage transmitting line.
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The storage voltage bar may be applied with a first storage
voltage and a second storage voltage that 1s equal to or larger
than the first storage voltage.

There may be multiple assistant storage voltage lines, and
they may be positioned at V4, 14, and ¥4 of a distance between
two storage voltage bars.

The assistant storage voltage line may be positioned ata %>
position of an interval between the two storage voltage bars.

The magnitude of the voltage applied to the assistant stor-
age voltage line may be equal to or larger than the magnitude
of the voltage applied to the main storage electrode line.

The main storage electrode line may include a protrusion
overlapping one terminal of the third thin film transistor, and
the assistant storage voltage line may include a connecting,
member extending toward the protrusion of the main storage
clectrode line.

The connecting member may be connected to one terminal
of the third thin film transistor.

The output terminal of the second thin {ilm transistor may
be connected to the second subpixel electrode and the input
terminal of the third thin film transistor.

The voltage applied to the second subpixel electrode may
be lower than the voltage applied to the first subpixel elec-
trode.

The area of the second subpixel electrode may be equal to
or larger than the area of the first subpixel electrode.

The first subpixel electrode and the second subpixel elec-
trode may include a cross stem 1ncluding a transverse stem
and a longitudinal stem intersecting thereto, and a plurality of
minute branches extending from the cross stem.

The gate line may transmit a gate signal, and the gate signal
applied to each control terminal of the first thin film transistor,
the second thin film transistor, and the third thin film transis-
tor may be simultaneously transmitted.

In yet another aspect, the invention 1s a liquid crystal dis-
play that includes: a first substrate including a display area
and a peripheral area enclosing the display area; two storage
voltage bars respectively positioned in the peripheral area at
both sides of the display area; a gate line positioned on the
first substrate; a main storage electrode line positioned on the
first substrate and connected to the two storage voltage bars;
a data line positioned on the first substrate and intersecting the
gate line; a first thin film transistor and a second thin film
transistor connected to the gate line and the data line; a third
thin film transistor connected to the gate line, the second thin
film transistor, and the main storage electrode line; a pixel
clectrode including a first subpixel electrode connected to the
first thin film transistor and a second subpixel electrode con-
nected to the second thin film transistor; and a storage voltage
transmitting line positioned 1n the peripheral area and apply-
ing a storage voltage to the storage voltage bar, wherein the
width of the storage voltage bar increases 1n going from a first
end connected to the storage voltage transmitting line to a
second end connected to the storage voltage transmitting line.

In yet another aspect, the mvention 1s a liquid crystal dis-
play that includes: a first substrate including a display area
and a peripheral area enclosing the display area; two storage
voltage bars respectively positioned in the peripheral area at
both sides of the display area; a gate line positioned on the
first substrate; a main storage electrode lines positioned on
the first substrate and connected to two storage voltage bars;
a data line positioned on the first substrate and intersecting the
gate line; a first thin film transistor and a second thin film
transistor connected to the gate line and the data line; a third
thin film transistor connected to the gate line, the second thin
f1lm transistor, and the main storage electrode line; and a pixel
clectrode including a first subpixel electrode connected to the
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first thin film transistor and a second subpixel electrode con-
nected to the second thin film transistor, wherein the storage
voltage bar 1s applied with the first storage voltage and the
second storage voltage.

The magnitude of the second storage voltage may be equal
to or larger than the magnitude of the first storage voltage.

The display device may further include a first storage volt-
age transmitting line applyving the first storage voltage to the
storage voltage bar, and a second storage voltage transmitting
line applying the second storage voltage to the storage voltage
bar.

The storage voltage bar may include a first end that 1s
connected to the first storage voltage transmitting line and a
second end that 1s connected to the second storage voltage
transmitting line.

As described above, according to an exemplary embodi-
ment of the present invention, delay in the transmission of the
data voltage 1s not generated by the wiring transmitting the
constant voltage to each pixel.

Further, the data voltage 1s not delayed by the wiring or the
clectrode that 1s close to the data line and 1s formed on the
opposite substrate.

Also, the aperture ratio and the transmittance are not
reduced by the formation of the additional wiring.

In yet another aspect, the invention 1s a display device
where three assistant storage voltage lines or one assistant
storage voltage line receiving an assistant voltage that 1s equal
to or larger than the storage voltage applied to the storage
voltage bar are formed, preventing a change of the storage
voltage inside the liquid crystal display.

The assistant storage voltage line connected to the main
storage electrode line 1s formed on the data line such that the
change of the storage voltage iside the liquid crystal display
may be prevented.

The width of the storage voltage bar increases in going
from a first end that 1s connected to the first storage voltage
transmitting line to the second end such that the change of the
storage voltage inside the liquid crystal display may be pre-
vented.

Further, two storage voltages having different magnitudes
are applied to the different edges of the storage voltage bar
such that the change of the storage voltage inside the liquid
crystal display may be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a display device according to
an exemplary embodiment of the present invention.

FIG. 2A to FIG. 2C are views of a structure of a storage
voltage line, an application position of a storage voltage, and
a pad portion of an IC 1n a display device according to an
exemplary embodiment of the present invention.

FIG. 3 1s an equivalent circuit diagram of a pixel structure
of a display device according to an exemplary embodiment of
the present invention.

FIG. 4 1s a layout view of one pixel of a display device
according to an exemplary embodiment of the present inven-
tion.

FIG. 5 15 a cross-sectional view taken along the line V-V of
FIG. 4.

FIG. 6 1s a cross-sectional view taken along the line VI-VI
of FIG. 4.

FIG. 7 and FIG. 8 are a view and a graph showing a
simulation result of transmittance for a portion of a pixel of
FIG. 4.
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FIG. 9 to FIG. 12 are layout views of one pixel of a display
device according to another exemplary embodiment of the

present invention.

FIG. 13 1s a layout view of a portion of one pixel of a
display device according to another exemplary embodiment
of the present invention.

FIG. 14 15 a layout view of three neighboring pixels of a
display device according to another exemplary embodiment
of the present invention.

FIG.15to FIG. 17 are layout views of one pixel of adisplay
device according to another exemplary embodiment of the
present invention.

FIG. 18 1s a schematic view of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion.

FIG. 19 15 a layout view of one pixel of the liquid crystal
display of FIG. 18.

FI1G. 20 15 a cross-sectional view taken along the line XX-
XX of FIG. 19.

FI1G. 21 1s a cross-sectional view taken along the line XXI-
XXI of FIG. 19.

FIG. 22 1s a schematic view of a liquid crystal display
according to another exemplary embodiment of the present
invention.

FIG. 23 1s a layout view of one pixel of the liquid crystal
display of FI1G. 22.

FIG. 24 1s a schematic view of a liquid crystal display
according to another exemplary embodiment of the present
invention.

FIG. 25 15 a layout view of one pixel of the liquid crystal
display of FI1G. 24.

FIG. 26 1s a cross-sectional view taken along the line
XXVI-XXVI of FIG. 25.

FIG. 27 1s a schematic view of a liquid crystal display
according to another exemplary embodiment of the present
invention.

FIG. 28 1s a schematic view of a liquid crystal display
according to another exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

L1l

The present invention will be described more fully herein-
alter with reference to the accompanying drawings, 1n which
exemplary embodiments of the invention are shown. As those
skilled 1n the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention.

In the drawings, the thickness of layers, films, panels,
regions, etc., are exaggerated for clanty. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate 1s referred to as being “on”
another element, 1t can be directly on the other element or
intervening elements may be present. In contrast, when an
clement 1s referred to as being “directly on” another element,
there are no intervening elements present.

Now, a display device according to an exemplary embodi-
ment of the present invention will be described with reference
to FIG. 1 and FIG. 2.

FIG. 1 1s a block diagram of a display device according to
an exemplary embodiment of the present invention, and FIG.
2A to FIG. 2C are views of a structure of a storage voltage
line, an application position of a storage voltage, and a pad
portion of an IC 1n a display device according to an exemplary
embodiment of the present invention.
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As shown 1 FIG. 1, a display device according to an
exemplary embodiment of the present invention includes a
display panel assembly 300, a gate driver 400 and a data
driver 500 connected thereto, a gray voltage generator 800
connected to the data driver 500, and a signal controller 600
controlling them.

The display panel assembly 300 includes a plurality of
signal lines G1 to Gn and D1 to Dm and a plurality of pixels
PX connected thereto and arranged substantially 1n a matrix.
Each pixel PX may have various structures according to the
kind of display device, and includes a switching element
connected to one of a plurality of gate lines G1-Gn and one of
a plurality of data lines D1-Dm.

The signal lines G1 to Gn and D1 to Dm include a plurality
of gate lines G1 to Gn transferring a gate signal (also referred
to as a “scan signal’) and a plurality of data lines D1 to Dm
transierring a data voltage. The gate lines G1 to Gn extend
substantially 1n a row direction and are substantially parallel
to each other, and the data lines D1 to Dm extend substantially
in a column direction and are substantially parallel to each
other.

The display panel assembly 300 includes a plurality of
wires (referred to as storage voltage lines 130 in the present
exemplary embodiment) transmitting a voltage (referred to as
a storage voltage in the present exemplary embodiment) com-
monly applied to a plurality of pixels PX. Each storage volt-
age line 130 includes a plurality of main storage voltage lines
131 extending in a direction of the plurality of gate lines
(G1-Gn and a plurality of assistant storage voltage lines 137
extending 1n a direction of the plurality of data lines D1-Dm.
The storage voltage lines 130 transverse each pixel PX, and
cach pixel PX receives the storage voltage from a storage
voltage line 130. In each pixel PX, one of a plurality of main
storage voltage lines 131 and one of a plurality of assistant
storage voltage lines 137 are electrically connected to each
other.

A structure of the storage voltage line 130 and an applica-
tion method of the storage voltage are shown 1n FIG. 2A 1n
detaul.

Firstly, the structure of the storage voltage line 130 will be
described. The storage voltage line 130 includes the main
storage voltage line 131, the assistant storage voltage line
137, a storage voltage bar 135, and an assistant storage volt-
age bar 137-1.

The main storage voltage line 131 and the assistant storage
voltage line 137 intersect each other 1n each pixel PX, and are
clectrically connected to each other 1n each pixel PX.

The storage voltage bar 135 connects a plurality of main
storage voltage lines 131 extending 1n the direction of the gate
lines G1-Gn and extends 1n the direction of the data lines
D1-Dm. The storage voltage bar 135 1s formed as a pair at a
right side and a left side of the display area 310. That 1s, a pair
of storage voltage bars 135 are respectively positioned at both
ends of the main storage voltage line 131.

The assistant storage voltage bar 137-1 connects a plurality
ol assistant storage voltage lines 137 extending 1n the direc-
tion of the data lines D1-Dm and extends in the direction of
the gate lines G1-Gn. One assistant storage voltage bar 137-1
1s Tormed at an upper side of the display area 310, but it may
be formed at a lower side according to the exemplary embodi-
ment, and a pair of assistant storage voltage bars 137-1 sepa-
rated from each other may be formed at the upper side or the
lower side. When forming the assistant storage voltage bars 1n
a pair, one ol them may be connected to one assistant storage
voltage line 137 formed at the ledt side of the display area 310,
and the other may be connected to the other assistant storage
voltage lines 137 formed at the right side of the display area
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310. Also, according to the exemplary embodiment, a number
ol assistant storage voltage lines 137 connected to a pair of
assistant storage voltage bars 137-1 may be the same.

The above storage voltage line 130 1s applied with a storage
voltage Vst, and referring to FI1G. 2A, 1s formed to be applied
through a portion of a pad portion of the data driver 500. In
FIG. 2A, the pad portion 190 of the data driver 500 1s divided
into portions 190A and 190B. The arrangement structure of
the pad may be changed according to the position of the pad

portion 190, and A and B are added to divide the arrangement
structure as 1 FIG. 2B and FIG. 2C.

The data driver 500 includes a plurality o1 ICs, and each IC
includes the pad portion 190 to be connected to wiring of the
display panel assembly 300. In FIG. 2A, a total of six pad
portions 190 of a plurality of ICs of the data driver 500 are
shown, and the number thereof may be changed according to
an exemplary embodiment. The pad portions of the two ICs
formed at the leftmost side and the rightmost side are indi-
cated by 190A and may have different structures from the
other pad portions (indicated by 190B). This will be described
later 1n reference to FI1G. 2B and FI1G. 2C.

Firstly, a structure transmitting the storage voltage Vcst
through the pad portions 190A of two ICs formed at the
leftmost side and the rightmost side will be described.

The pad portions 190A of the two ICs formed at the lett-
most side and the rightmost side apply the storage voltage
Vst to the storage voltage bar 135 through each Vst pad.
That 1s, the Vcstpad of the pad portion 190 A positioned at the
leftmost side applies the storage voltage Vst to the storage
voltage bar 135 positioned at the leftmost side through the
first storage voltage transmitting line 135-1, and the Vst pad
of the pad portion 190A positioned at the rightmost side
applies the storage voltage Vst to the storage voltage bar 135
positioned at the rightmost side through the first storage volt-
age transmitting line 135-1.

On the other hand, the other pad portions 190B apply the
storage voltage Vest to one assistant storage voltage bar 137-1
through each Vcst pad. That 1s, a plurality of Vst pads apply
the storage voltage Vcst at each position of one assistant
storage voltage bar 137-1 through the second storage voltage
transmitting line 137-3 that 1s respectively connected. The
assistant storage voltage bar 137-1 recerves a plurality of

storage voltages Vcst to maintain the constant storage voltage
Vcst.

On the other hand, FIG. 2B and FIG. 2C show the pad
portions 190A and 190B according to an exemplary embodi-
ment of the present invention in detail.

For the pad portions 190 of a plurality of ICs of the data
driver 500, the pad portions 190A of two ICs formed at the
leftmost side and the rightmost side transmait the same signal,
and the pad portions 190B of the other ICs transmait the same
signal.

Firstly, as shown in FIG. 2B, the pad portions 190 A of two
ICs formed at the leftmost side and the rightmost side will be
described.

In the pad portion 190A, control signal application pads
Vcom, Contact, CLOCK, VSS, STV, and Vcst and alignment
marks Align that are arranged 1n symmetry with respect to pad
portions data transmitting the data voltage are formed.

Here, the Vcom pad 1s a pad for applying the common
voltage, the Contact pad 1s a pad that 1s used to measure
contact resistance and may not be applied with a separate
signal during ordinary times, the CLOCK pads (the CK pad
and the CKB pad) are pads for applying a clock signal used in
the gate driver 400, the VSS pad 1s a pad for applying a low
voltage used 1n the gate driver 400, and the STV pad 1s a pad
for applying a start signal of the gate driver 400. Meanwhile,
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the Vcst pad as the pad for applying the storage voltage
applies the storage voltage to one storage voltage bar 135

through the first storage voltage transmitting line 135-1 as
shown 1n FIG. 2A.

In the exemplary embodiment of FIG. 2B, the pad portion
190A of the IC positioned at the leftmost side has two Vst
pads, thereby two pads for applying the storage voltage exist.
In the above-described exemplary embodiment, the second
Vst pad from the left side may apply the storage voltage to
one storage voltage bar 1335 through the first storage voltage
transmitting line 135-1, or may apply the storage voltage to
the assistant storage voltage bar 137-1 through the second
storage voltage transmitting line 137-3.

Also, according to an exemplary embodiment, a dummy

pad may be formed between the CLOCK pad, the VSS pad,
STV pad, the Vst pad, and the data pad, thereby performing,
a function of preventing signal interference between the
neighboring pads.

Further, according to an exemplary embodiment, the Vcom
pad, the Contact pad, the CK pad, the CKB pad, and the VSS

pad may be made of at least one pad. Here, the Vcom pad and
the VSS pad may be made of at least two pads applying
voltages having different levels, and the CK pad and the CKB
pad may be made of at least two pads having different phases.

In FIG. 2B, the Vcom pad, the Contact pad, the CK pad, the
CKB pad, the VSS pad, the STV pad, and the Vcst pad have
the same width. However, they may have different widths
according to an exemplary embodiment. The width of the pad
may be changed according to the level or the characteristics of
the voltage applied to each pad. Also, according to an exem-
plary embodiment, the width of the pad portion data trans-
mitting the data voltage may be the same as one among the
control signal application pads Vcom, Contact, CLOCK,
VSS, STV, and Vcst.

In the present exemplary embodiment, the signals (a clock
signal, a low voltage, a start signal etc.) used 1n the gate driver
400 are applied 1n the pad portion 190A of the IC formed at
the rightmost side, and this 1s an exemplary embodiment in
which the gate driver 400 1s also formed at the right side of the
display panel 300, differently from the exemplary embodi-
ment of FIG. 1.

Meanwhile, in the pad portion 190B shown 1n FIG. 2C, a
plurality of data pads transmitting the data voltage in the IC of
the data driver 500 are formed, and the storage voltage Vcst,
the common voltage Vcom, and the alignment marks are
additionally formed. As shown in FIG. 2A, the Vcst pad
transmitting the storage voltage Vst applies the storage volt-
age Vst to each position of one assistant storage voltage bar
137-1 through the second storage voltage transmitting line
137-3.

In FIG. 2B and FIG. 2C, a portion between the data pads 1s
omitted and a total of four data pads are shown. However, the
IC 1s mainly formed to apply the data voltage to the data line
such that most of the pads are data pads.

Also, according to an exemplary embodiment, the Vcom
pad may be made of atleast one pad. Here, the Vcom pad may
be made of two or more pads applying voltages of different
levels.

In FIG. 2C, the Vcom pad, the Dummy pad, and the Vcst
pad all have the same width. However, they may have differ-
ent widths according to an exemplary embodiment. Here, the
width of the pad may be changed according to the level or the
characteristics of the voltage applied to each pad. Also,
according to an exemplary embodiment, one of the Vcom pad
and the Dummy pad may have the same width as the pad
portion data transmitting the data voltage.
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Also, 1n FIG. 2B and FIG. 2C, the structure that 1s shown
has a left-right symmetry. However, the pad portion may not
have the right and left symmetry structure according to an
exemplary embodiment, and 1n this case, the signal applied to
the left side and the signal applied to the right side may be
different inside the pad portion.

As described above, the storage voltage Vst 1s transmitted
to the main storage voltage line 131 through the storage
voltage bar 135, and then 1s applied to the pixel PX, also 1s
transmitted to the assistant storage voltage line 137 through
the assistant storage voltage bar 137-1 and then 1s applied to
the pixel PX. Also, the main storage voltage line 131 and the
assistant storage voltage line 137 are electrically connected to
cach other 1n each pixel PX. Therefore, the magmitude of the
storage voltage Vcst applied to each pixel PX may be uni-
form.

In FI1G. 2A to FIG. 2C, the main storage voltage line 131
and the assistant storage voltage line 137 have one line shape,
but this 1s only schematically shown, and the voltage lines 131
and 137 may have a bent structure according to an exemplary
embodiment.

Also, the structure of the pad portion 190 applying the
storage voltage Vst to the main storage voltage line 131 and
the assistant storage voltage line 137 may be changed, differ-
ently from FIGS. 2A-C.

Again referring to FIG. 1, other constituent elements of the
display device will be described.

The gray voltage generator 800 receives the driving voltage
AVDD to generate gray voltage groups (reference gray volt-
age groups) ol two sets related to the transmittance of the
pixel PX. One of two sets has a positive value and the other
has a negative value with respect to the common voltage
Vcom.

The gate driver 400 may be integrated with the display
panel assembly 300, and 1s connected to the gate lines G1-Gn
of the display panel assembly 300 to apply a gate signal made
of a combination of a gate-on voltage Von and a gate-off
voltage Voit to the gate lines G1-Gn.

The data driver 500 1s connected with the data lines D1 to
Dm of the display panel assembly 300, and selects a gray
voltage from the gray voltage generator 800 and applies the
selected gray voltage to the data lines D1 to Dm as the data
signal. However, when the gray voltage generator 800 pro-
vides a defined number of the reference gray voltages that 1s
tewer than all the voltages for all the grays, the data driver 500
divides the reference gray voltages to generate the gray volt-
ages for all the grays and selects the data signal among the
generated gray voltages.

The signal controller 600 controls the gate driver 400, the
data driver 500, etc. The signal controller 600 receives input
image signals R, G, and B and an mput control signal to
control the display of the image signals R, G, and B from a
graphics controller (not shown). Examples of the mput con-
trol signals may include a vertical synchronization signal
Vsync, a horizontal synchronizing signal Hsync, a main clock
signal MCLK, a data enable signal DE, and the like.

The signal controller 600 appropnately processes the input
image signals R, G, and B 1n accordance with an operating
condition of the display panel assembly 300 based on the
input image signals R, GG, and B and the input control signals,
generates a gate control signal CONT1, a data control signal
CONT2, and the like, and then transmits the gate control
signal CONT1 to the gate driver 400 and transmits the data
control signal CONT2 and a processed image signal DAT to
the data driver 500.

The gate control signal CONT1 includes a scanming start
signal STV to instruct of the start of 1mage scanning, and at
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least one clock signal to control an output cycle of the gate-on
voltage. The gate control signal CONT1 may further include
an output enable signal OF to define the duration of the
gate-on voltage.

The data control signal CONT2 includes a horizontal syn-
chronization start signal STH informing of the transmission
start of digital image data DAT for one column of pixels PX,
a load signal LOAD to instruct the analog data voltage to be
applied to the image data lines D1-Dm, and a data clock signal
HCLK. The data control signal CONT2 may further include
an 1iversion signal RVS that inverts the voltage polarity of the
data voltage for the common voltage Vcom. Hereinafter, the
data signal polarity denotes the voltage polarity of the data
signal for the common voltage.

According to the data control signal CONT2 from the
signal controller 600, the data driver 500 receives the digital
image signals DAT for the pixels PX of one row and selects
the gray voltage corresponding to each digital image signal
DAT, to thereby convert the digital image signal DAT 1nto an
analog data signal and then apply the converted analog data
signal to the corresponding data lines D1-Dm.

The gate driver 400 applies the gate-on voltage Von to gate
lines G1-Gn according to the gate control signal CONTI
from the signal controller 600 to turn on the switching ele-
ment Q connected to the gate lines G1-Gn. Then, the data
signal applied to the data lines D1-Dm 1s applied to the
corresponding pixel PX through the turned-on switching ele-
ment Q.

Each ofthe driving circuits 500, 600, and 800 excluding the
gate driver 400 may be directly mounted on the display panel
assembly 300 in the form of at least one 1ntegrated circuit or
an IC chip, may be mounted on a tlexible printed circuit film
(not shown) to be attached to the display panel assembly 300,
or may be mounted on a separate printed circuit board (not
shown). Alternatively, the driving circuits 300, 600, and 800
may be integrated with the liquid crystal panel assembly 300
together with, for example, the signal lines G1-Gn and
D1-Dm and the thin film transistor switching element Q.

In the above, 1t 1s premised that the pixel PX has various
structures. To explain a structure of the pixel PX in detail, a
case where the display device 1s a liquid crystal display will
be described as an exemplary embodiment.

FIG. 3 1s an equivalent circuit diagram of a pixel structure
of a display device according to an exemplary embodiment of
the present invention.

Referring to FIG. 3, a liquid crystal display according to an
exemplary embodiment of the present invention includes a
signal line including a gate line G transmitting a gate signal
and a data line D transmitting a data signal, and a pixel PX
connected thereto.

The pixel PX includes the first, second, and third switching
clements Qa, Qb, and Qc and first and second liquid crystal
capacitors Clc_H and Clc_L. The pixel PX 1s divided into a
high gray subpixel High (referred to as the “first subpixel”)
and a low gray subpixel Low (referred to as the “second
subpixel”), the high gray subpixel High includes the first
switching element (Qa and the first liquid crystal capacitor
Clc_H, and the low gray subpixel Low includes the second
and the third switching elements Qb and Qc and the second
liquad crystal capacitor Clc_L. Here, the first, second, and
third switching elements Qa, Qb, and Q¢ may be three-termi-
nal elements such as thin film transistors.

The first switching element QQa and the second switching
clement Qb are respectively connected to the gate line G and
the data line D, and the third switching element Qc 1s con-
nected to the gate line G and the output terminal of the second
switching element Qb.
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The first switching element (Qa and the second switching,
clement Qb include the control terminal connected to the gate
line G and the mnput terminal connected to the data line D, the
first switching element Qa i1ncludes the output terminal con-
nected to the first liquid crystal capacitor Clc_H, and the
second switching element Qb includes the output terminal
connected to the mnput terminal connected to the second liquid
crystal capacitor Clc_L and the third switching element Qc.

The third switching element QQc includes the control termi-
nal connected to the gate line G, the mnput terminal connected
to the second liquid crystal capacitor Clc_L, and the output
terminal connected to the storage voltage line 130 to receive
the storage voltage Vcst.

If the gate line G 1s applied with the gate on voltage Von, the
first switching element Qa, the second switching element Qb,
and the third switching element Q¢ connected thereto are
turned on. Accordingly, the data voltage applied to the data
line D 1s applied to the first subpixel electrode and the second
subpixel electrode as one terminal of the first liquid crystal
capacitor Clc_H and the second liquid crystal capacitor
Clc_L through the first switching element Qa and the second
switching element Qb that are turned on. However, as the
third switching element Qc 1s turned on, the voltage applied to
the second subpixel electrode 1s divided according to a volt-
age difference between the storage voltage Vst and the input
data voltage and the resistance of the third switching element
Qc. The divided voltage 1s applied to the second subpixel
clectrode and the second liquid crystal capacitor Clc_L 1s
charged according to the divided voltage. That 1s, the voltage
applied to the second subpixel electrode 1s smaller than the
voltage applied to the first subpixel electrode, and the voltage
charged to the first liquid crystal capacitor Clc_H and the
voltage charged to the second liquid crystal capacitor Clc_L
are different. The voltage charged to the first liquid crystal
capacitor Clc_H and the voltage charged to the second liquid
crystal capacitor Clc_L are different such that the alignment
directions of the liquid crystal molecules are different in the
first subpixel and the second subpixel, and thereby the lumi-
nance displayed in the two subpixels 1s different. That 1s,
when representing a front luminance to be displayed by com-
bining the luminance displayed by two subpixels, lateral dis-

play quality 1s improved due to various liquid crystal align-
ments in the lateral direction.

The pixel PX of the liquid crystal display like FIG. 3 has
different magnitudes of kickback voltages of the first subpixel
and the second subpixel. Therelfore, the value of the common
voltage Vcom considering the kickback voltage 1s different in
cach subpixel. However, the pixel has the structure in which
the same data voltage and the common voltage Vcom are
applied such that a display defect such as a flicker and an
afterimage due to the different kickback voltages may be
generated. However, 1n the structure like 1in FIG. 3, 11 the
storage voltage Vst 1s increased, the difference between the
kickback voltages of the first subpixel and the second sub-
pixel 1s decreased such that the flicker or the afterimage may

be removed.
This will be described through Table 1 to Table 3 below.

TABLE 1
Vest voltage
8V OV 10V 11V 12V
Transmittance 6.11% 6.23% 6.36% 6.46% 6.45%
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Firstly, Table 1 shows the increase of the transmittance of
the second subpixel as the storage voltage Vst 1s increased.
However, if the storage voltage Vst reaches 11V, the trans-
mittance may be saturated and 1s not turther increased. Here,
the transmittance retlects a relative increase 1n the rate for the
transmittance of the second subpixel 1n a special exemplary
embodiment.

TABLE 2
Vst voltage
4V 6V 8V 10V 12V
Level difference 3.0 2.3 1.6 1.0 0.7

Here, the level difference represents a difference between
the common voltages Vcom according to the kickback volt-
ages 1n the first subpixel and the second subpixel.

Table 2 shows that the level difference 1s decreased accord-
ing to the increase of the storage voltage Vest, and the differ-

ence of the common voltage Vcom 1s decreased such that the
tflicker or the afterimage 1s not generated.

Table 3 shows a relation between the flicker and the storage
voltage Vcst.

TABLE 3
Vst voltage Flicker degree

Y 16

Y% 14.3
10V 12.6
11V 11.1
12V 9
13V 7.4
14V 5.3
15V 4

According to Table 1 to Table 3, when the storage voltage
Vst 1s high, the degree of tlicker 1s low. However, a storage
voltage Vcst in the range of 9 to 15V at which the transmit-
tance 1s improved may be used. The common voltage Vcom
may be 7V.

The constant storage voltage Vest must be applied such that
the voltage charged to the second liquid crystal capacitor
Clc_L of the low gray subpixel Low 1s appropnately divided
and charged. Therefore, to apply the constant storage voltage
Vest, 1t 1s necessary to use the structure of the storage voltage
line 130 as 1n FIG. 1 and FIG. 2.

Firstly, a pixel structure of a display device according to an
exemplary embodiment of the present mvention will be
described with reference to FIG. 4 to FIG. 6.

FIG. 4 1s a layout view of one pixel of a display device
according to an exemplary embodiment of the present inven-
tion, FIG. 5 1s a cross-sectional view taken along the line V-V
of FIG. 4, and FIG. 6 1s a cross-sectional view taken along
with the line VI-VI of FIG. 4.

A liquad crystal display according to the present exemplary
embodiment includes a lower panel 100 and an upper panel
200 facing each other, a liquid crystal layer 3 interposed
between the two display panels 100 and 200, and a pair of
polarizers (not shown) attached to outer surfaces of the dis-
play panels 100 and 200.

Firstly, the lower panel 100 will be described.

A gate line 121 and a main storage voltage line 131 are
formed on an insulation substrate 110 made of transparent
glass or plastic. The gate line 121 includes a first gate elec-
trode 124a, a second gate electrode 1245, and a third gate
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clectrode 124¢. The main storage voltage line 131 includes a
storage electrode 133 and a protrusion 134 protruding 1n a
direction of the gate line 121. The storage electrode 133
includes a first storage electrode 133/ enclosing a first sub-
pixel electrode 191a and a second storage electrode 1331
enclosing a second subpixel electrode 1915 of a previous
pixel. Although the previous pixel 1s not shown 1n FIG. 4, a
horizontal portion 133" of the first storage electrode 133/ of
FIG. 4 and a horizontal portion 133" of the second storage
clectrode 133/ of the previous pixel are connected to each
other by continuous wiring.

A gate insulating layer 140 1s formed on the gate line 121
and the main storage voltage line 131. A {irst semiconductor
1544, a second semiconductor 15454, and a third semiconduc-
tor 154¢ are formed on the gate insulating layer 140.

A plurality of ohmic contacts are formed on the first semi-
conductor 154a, the second semiconductor 15454, and the
third semiconductor 154¢. Only ohmic contacts 163a and
165a formed on the first semiconductor 154a are shown 1n
FIG. 5, and only an ohmic contact 165¢ formed on the third
semiconductor 154¢ 1s shown 1 FIG. 6. This 1s because
cutting lines of the drawing do not transverse the other por-
tions.

Data conductors 171, 173¢, 175a, 17556, and 175¢ includ-
ing a plurality of data lines 171 including a first source elec-
trode 173a and a second source electrode 1735, a first drain
electrode 175a, a second drain electrode 1755, a third source
electrode 173¢, and a third drain electrode 175¢ are formed on
the ohmic contacts 163a, 1654, and 165¢ and the gate 1nsu-
lating layer 140. Also, an assistant storage voltage line 137 1s
formed on the ohmic contacts 163a and 1654 and the gate
insulating layer 140, and the assistant storage voltage line 137
includes a first assistant storage voltage line 137a and a sec-
ond assistant storage voltage line 1375. Referring to FI1G. 6, a
semiconductor layer (151 and 157) and an ohmic contact (161
and 167) are positioned under the data line 171 and the assis-
tant storage voltage line 137.

The first assistant storage voltage line 137a includes a
portion overlapping a longitudinal stem 193 of the first sub-
pixel electrode 191a and a portion extending toward a pro-
trusion 134 of the main storage voltage line 131 to be bent.

Also, the second assistant storage voltage line 1375H
includes a portion overlapping the longitudinal stem 193 of
the second subpixel electrode 1915 and a portion connected to
the third drain electrode 175¢ to be bent. The connected
second assistant storage voltage line 1375 and the third drain
clectrode 175¢ extend to the protrusion 134 of the main stor-
age voltage line 131.

The width of the portion where the first assistant storage
voltage line 137a and the second assistant storage voltage line
1375 respectively overlap the longitudinal stem 193 of the
first subpixel electrode 191q and the longitudinal stem 193 of
the second subpixel electrode 1915 1s narrower than the width
of the longitudinal stem 193. It may vary according to an
exemplary embodiment; however, 1n the present exemplary
embodiment, the width of a region where the first assistant
storage voltage line 137a and the second assistant storage
voltage line 137b overlap the longitudinal stem 193 (*the
overlapping portion™) 1s formed to be 3 um, and the longitu-
dinal stem 193 1s formed to be 7 um, and thereby the longi-
tudinal stem 193 has a width of more than double the over-
lapping portion.

The first assistant storage voltage line 137a, the second
assistant storage voltage line 1375, and the main storage
voltage line 131 are electrically connected to each other on
the protrusion 134 of the main storage voltage line 131, and
are directly connected 1n the exemplary embodiment 1n FIG.
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4. However, according to an exemplary embodiment, they
may be connected by a storage electrode connecting member

139 that will be described later.

Also, the first assistant storage voltage line 137a and the
second assistant storage voltage line 1375 of the previous
pixel PX are electrically connected to each other, and the
second assistant storage voltage line 1375 and the {irst assis-
tant storage voltage line 137a of a next pixel PX are electri-
cally connected to each other. In the present exemplary
embodiment, they are directly connected, and formed with
the same layer and the same material.

The first gate electrode 124a, the first source electrode
1734, and the first drain electrode 175a form the first thin film
transistor Qa along with the first semiconductor 154a, and a
channel of the thin film transistor 1s formed in the semicon-
ductor portion 154a between the first source electrode 173a
and the first drain electrode 175a. Similarly, the second gate
electrode 1245, the second source electrode 17354, and the
second drain electrode 1756 form the second thin film tran-
sistor Qb along with the second semiconductor 1545, and the
channel of the thin film transistor 1s formed in the semicon-
ductor portion 1545 between the second source electrode
17356 and the second drain electrode 1755, and the third gate
electrode 124c, the third source electrode 173¢, and the third
drain electrode 175¢ form the third thin film transistor Qc
along with the third semiconductor 154¢, and the channel of
the thin film transistor 1s formed 1n the semiconductor portion
154¢ between the third source electrode 173¢ and the third
drain electrode 175c¢.

A color filter 230 and a passivation layer 180 are formed on
the data conductors 171, 173¢, 175a, 1755, and 175¢ and the
exposed semiconductors 154a, 1545, and 154¢. The color
filter 230 may display one of three primary colors such as red,
green, and blue. However, 1t 1s not limited to the three primary
colors such as red, green, and blue, and may display one of
cyan, magenta, yellow, and white-based colors. The color
filter 230 may be made of a material that displays different
colors every neighboring pixel, and in FIG. 6, two color filters
are differently indicated by 230a and 23056 to display the
different colors. Also, 1n FIG. 6, a cell gap 1s decreased at a
region (on the data line 171) where the neighboring color

filters 230a and 2305 overlap such that the cell gap has an
interval g. The interval g may be about half of the total cell
gap.

On the other hand, the passivation layer 180 1s made of an
inorganic insulator such as silicon nitride and silicon oxide or
an organic insulator.

The color filter 230 and the passivation layer 180 have a
first contact hole 1854 and a second contact hole 1855 expos-
ing the first drain electrode 175a and the second drain elec-
trode 1755b. Also, the color filter 230 and the passivation layer
180 have a third contact hole 185¢ exposing the protrusion
134 of the main storage voltage line 131, the third drain
clectrode 175¢, and the first assistant storage voltage line
137a. Also, the passivation layer 180 has an opening 189
gathering a gas emitted from the color filter 230. According to
FIG. 4, one pixel may include a pair of openings 189.

A pixel electrode 191 including the first subpixel electrode
191a and the second subpixel electrode 1915 and a storage
clectrode connecting member 139 are formed on the passiva-
tion layer 180. Also, a cover 199 covering the opening 189
may be formed on the opening 189 of the passivation layer
180. The cover 199 prevents the gas emitted from the color
filter 230 from reaching other elements, and one pixel has a
pair of covers 199 in FIG. 4. The pixel electrode 191, the
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cover 199, and the storage electrode connecting member 139
may be made of a transparent conductive material such as I'TO

or 170.

The first subpixel electrode 191¢a and the second subpixel
clectrode 19156 neighbor each other in the column direction
and the overall shape thereof 1s quadrangular, and 1ncludes a
cross stem having a transverse stem 192 and a longitudinal
stem 193 intersecting thereto. The first and second sub-pixel
clectrodes 191a and 1915 are divided 1nto four sub-regions by
the transverse stem 192 and the longitudinal stem 193, and
cach of the sub-regions includes a plurality of minute

branches 194.

The minute branches 194 of the first subpixel electrode
191a and the second subpixel electrode 1915 form an angle of
about 40 degrees to 45 degrees with the gate line 121 or the
transverse stem 192. Particularly, the minute branches 194
included 1n the first subpixel electrode 191a may form an
angle of about 40 degrees with the transverse stem 192, and
the minute branches 194 included in the second subpixel
clectrode 1915 may form an angle of about 45 degrees with
the transverse stem 192. Also, the minute branches 194 of the
two neighboring subregions may extend in imntersecting direc-
tions. Further, the width of the minute branches 194 may
gradually widen or the interval between the minute branches
194 may be changed.

The first subpixel electrode 191a and the second subpixel
clectrode 1915 are physically and electrically connected to
the first drain electrode 175a and the second drain electrode
1755 through the contact holes 185a and 1855, respectively,
and recerve the data voltage from the first drain electrode
175a and the second drain electrode 17556, respectively. In
this case, a part of the data voltage applied to the second drain
clectrode 17556 1s divided through the third source electrode
173¢ such that the magnitude of the voltage applied to the
second subpixel electrode 19156 may be smaller than that of
the voltage applied to the first subpixel electrode 191a. An
area of the second subpixel electrode 1915 may be approxi-
mately one to two times larger than that of the first subpixel
clectrode 191a.

On the other hand, the storage electrode connecting mem-
ber 139 connects the protrusion 134 of the main storage
voltage line 131, the third drain electrode 175¢, and the first
assistant storage voltage line 137a to each other through the
contact hole 185¢. The protrusion 134 of the main storage
voltage line 131 and the first assistant storage voltage line
137a are applied with the storage voltage Vst such that the
storage voltage Vcst has a constant voltage value, and the
third thin film transistor Qc 1s applied with the storage voltage
Vst through the third drain electrode 175¢. As a result, the
voltage applied to the second subpixel may be decreased.

Next, the upper panel 200 will be described.

A light blocking member 220 1s formed on an insulation
substrate 210 made of transparent glass or plastic. The light
blocking member 220 1s referred to as a black matrix and
prevents light leakage.

An overcoat 250 1s formed on the substrate 210 and the
light blocking member 220. The overcoat 250 may be made of
an isulating material, and 1t may be omatted.

A common electrode 270 1s formed on the overcoat 250.

Alignment layers (not shown) are formed on both surfaces
of the display panels 100 and 200, and they may be vertical
alignment layers.

Polarizers (not shown) are formed on the outer surface of
the display panels 100 and 200, the polarization axis of the
two polarizers are crossed, and one polarization axis thereof
may be parallel to the gate lines 121.
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The first subpixel electrode 191a and the second subpixel
clectrode 19156 applied with the data voltage generate an
clectric field together with the common electrode 270 of the
upper panel 200 that receives the common voltage, to thereby
determine a direction of liquid crystal molecules of the liquid
crystal layer 3 between the electrodes 191a and 1915, and
2770. Polarnization of light that transmits through the liquid
crystal layer 3 differs depending on the determined direction
of the liquid crystal molecules.

In the exemplary embodiment of FIG. 4, the assistant stor-
age voltage line 137 transmitting the storage voltage 1s not
tformed with the same layer as the pixel electrodes 191a and
1915, but 1s formed with the same layer as the data line 171
that 1s closer to the substrate 110. Therefore, although the
storage voltage Vcst 1s high, the interval from the common
clectrode 270 1s long such that the interference 1s not gener-
ated. Therefore, 1n the exemplary embodiment of FIG. 4, the
high voltage among the various storage voltages Vest used in
Table 1 to Table 3 may be used, and a voltage of more than
11V at which the transmittance 1s saturated 1s used as the
storage voltage Vst 1n the exemplary embodiment of FIG. 4.
At this time, the voltage of 7V 1s used as the common voltage
Vcom.

Next, whether the aperture ratio and transmittance are
decreased by overlapping the assistant storage voltage line
137 and the longitudinal stem 193 of the subpixel electrodes
191a and 1915 will be described with reference to FI1G. 7 and
FIG. 8.

FIG. 7 and FIG. 8 are a view and a graph showing a
simulation result of transmittance for a portion of the pixel of
FIG. 4.

Firstly, FIG. 7 1s a view simulating transmittance of the first
subpixel in the exemplary embodiment of F1G. 4. As shown 1in
FIG. 7, 1n the first subpixel, a portion corresponding to the
transverse and the longitudinal stems 192 and 193 1s a portion
where light 1s not originally transmitted (referring to a portion
X) such that 1t may be confirmed that the transmittance and
the aperture ratio are not decreased even though the assistant
storage voltage line 137 1s formed.

Also, FIG. 8 shows a simulation result of FIG. 7 as a
transmittance graph for a position 1n the portion correspond-
ing to the portion X of FIG. 7, and shows that the transmiut-
tance 1s quickly decreased and little light 1s transmitted such
that the transmittance 1s not decreased even though the assis-
tant storage voltage line 137 1s formed, and the aperture ratio
1s not decreased.

Deterioration of the aperture ratio and the transmittance by
the assistant storage voltage line 137 of the present invention
will be described based on the results of FIG. 7 and FIG. 8.

The first assistant storage voltage line 1374 and the second
assistant storage voltage line 1375 that are connected to each
other respectively overlap the longitudinal stem 193 of the
first subpixel electrode 191a and the longitudinal stem 193 of
the second subpixel electrode 1915 on most of the region, and
the remaining portion 1s positioned at the center portion of the
pixel that 1s covered by the light blocking member 220 such
that they do not decreases the aperture ratio. Particularly, the
portion of the longitudinal stem 193 of the subpixel electrode
191a and 1915 1s the portion where the light 1s not transmitted
like the portion X of FIG. 7 and FI1G. 8, such that the reduction
of the aperture ratio and transmittance 1s not generated even
though the assistant storage voltage line 137 1s formed
through this portion.

Therefore, like the exemplary embodiment of FIG. 4, each
pixel may be applied with the constant storage voltage Vst
through the formation of the assistant storage voltage line 137
according to the longitudinal stem 193 of the subpixel elec-
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trodes 191a and 1915, and thereby the reduction of the aper-
ture ratio and the transmittance may not be generated.

Also, the assistant storage voltage line 137 1s substantially
parallel to and does not overlap the data line 171 such that the
data voltage transmitted to the data line 171 1s not delayed.

Next, another exemplary embodiment of the present inven-
tion will be described with reference to FIG. 9 to FIG. 12.

FI1G. 9 to FIG. 12 are layout views of one pixel of a display
device according to another exemplary embodiment of the
present invention.

Firstly, an exemplary embodiment of FIG. 9 will be
described.

The exemplary embodiment of FIG. 9 further includes an
additional shielding electrode line 138 compared to the exem-
plary embodiment of FIG. 4. The shielding electrode line 138
overlaps the data line 171, and it has a structure such that 1ts
width 1s reduced along the data line 171 1n a region between
the first subpixel and the second subpixel (hereinafter referred
to as a “transistor region”). The width of the shielding elec-
trode line 138 may be narrower than the width of the data line
171. The shielding electrode line 138 prevents the data volt-
age transmitted to the data line 171 from being delayed by the
capacitance along with the common electrode 270 of the
upper panel 200 by being positioned therebetween.

That 1s, 1n the exemplary embodiment of FIG. 9, the data
voltage of the data line 171 1s not delayed by the common
clectrode 270 of the upper panel 200.

An exemplary embodiment of FIG. 10 will be described
below.

The exemplary embodiment of FIG. 10 differs from the
exemplary embodiment of FIG. 4 1n that the length of the
minute branches 194 of the first subpixel electrode 191a and
the second subpixel electrode 1915 1s elongated by a value 1.
That 1s, the length of the minute branches 194 extends across
the subpixel electrodes 191a and 1915 such that the region of
the liquid crystal layer that may be controlled by the electric
field 1s widened and the side of the subpixel 1s increased. This
way, an icreased aperture ratio 1s achieved compared to the
embodiment of FIG. 4. The minute branches 194 may extend
near the data line 171 and may overlap the data line 171
according to an exemplary embodiment.

Meanwhile, in the exemplary embodiment of FIG. 9, the
shielding electrode line 138 1s formed on the data line 171
such as to limit the length of the minute branches 194.

Now, an exemplary embodiment of FIG. 11 will be
described.

The exemplary embodiment of FIG. 11 differs from the
exemplary embodiment of FIG. 4 in that some of the structure
for connecting the assistant storage voltage line 137 and the
main storage voltage line 131 1n the pixel 1s absent.

More specifically, the exemplary embodiment of FIG. 11
does not 1iclude the storage electrode connecting member
139, the third contact hole 185¢, and the protrusion 134 of the
main storage voltage line 131 that were present 1n the exem-
plary embodiment of FIG. 4.

That 1s, the assistant storage voltage line 137 includes the
first assistant storage voltage line 137a, the second assistant
storage voltage line 1375, and the third assistant storage volt-
age line 137¢ directly connecting them and connected to the
third drain electrode 175¢. The first assistant storage voltage
line 137a, the second assistant storage voltage line 1375, and
the third drain electrode 175¢ are the same as i the fourth
exemplary embodiment; however, the third assistant storage
voltage line 137 ¢ 1s formed between the third drain electrode
175¢ and the first assistant storage voltage line 137a and the
structure that 1s connected to the main storage voltage line
131 1s omiatted.
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As a result, 1n the exemplary embodiment of FIG. 11, the
main storage voltage line 131 and the assistant storage volt-
age line 137 are not connected 1nside the pixel. Therefor, the
storage voltage Vst may be changed according to the posi-
tion inside the pixel. However, the storage voltage Vcst
applied to the third switching element Qc 1s not transmaitted
according to the direction of the longer gate line, but 1s trans-
mitted according to the data line direction, thereby reducing
the deviation. Therefore, the improved characteristic may be
obtained compared with the exemplary embodiment in which
the storage voltage Vcst applied to the third switching ele-
ment Qc 1s transmitted to the main storage voltage line 131
according to the gate line.

Also, 1 the exemplary embodiment of FIG. 11, the width
ol the transistor region as the region between the first subpixel

and the second subpixel may be further reduced compared
with the exemplary embodiments of FI1G. 4, FIG. 9, and FIG.

10. This 1s because the space for the third contact hole 1835¢
may be omitted. As a result, the width of the transistor region
1s reduced such that the aperture ratio 1s improved.

Now, an exemplary embodiment of FIG. 12 will be
described.

The exemplary embodiment of FIG. 12 differs from the
exemplary embodiment of FIG. 4 1n that the assistant storage
voltage line 137 includes the first assistant storage voltage
line 137a and the second assistant storage voltage line 1375
separated therefrom.

The first assistant storage voltage line 137a includes a
portion overlapping the longitudinal stem 193 of the first
subpixel electrode 191a, and aportion 137a' extended 1nto the
protrusion 134 of the main storage voltage line 131 while
being bent.

Also, the second assistant storage voltage line 1375H
includes a portion overlapping the longitudinal stem 193 of
the second subpixel electrode 1915 and a portion 137'6
extended while being bent.

In this embodiment, the second assistant storage voltage
line 1375 1s not directly connected to the third drain electrode
175c¢.

The third drain electrode 175¢, the first assistant storage
voltage line 137a, and the main storage voltage line 131 are
clectrically connected to each other on the protrusion 134 of
the main storage voltage line 131.

Meanwhile, the passivation layer 180 has contact holes
185¢ and 1854 respectively exposing the expanded portion
1374’ of the first assistant storage voltage line 137a and an
expanded portion 1375' of the second assistant storage volt-
age line 137b. A storage electrode connecting member 139 1s
formed on the two contact holes 185¢ and 185d, and the first
assistant storage voltage line 1374 and the second assistant
storage voltage line 1375 are electrically connected to each
other through the two contact holes 185¢ and 18354

The first assistant storage voltage line 137a 1s directly
connected to the second assistant storage voltage line 13756 of
the previous pixel, and the second assistant storage voltage
line 1375 1s directly connected to the first assistant storage
voltage line 1374 of the next pixel.

That 1s, 1n the exemplary embodiment of FIG. 12, the
assistant storage voltage line 1374 1s connected to the storage
clectrode connecting member 139' 1n the pixel area, and the
assistant storage voltage line 137, and the main storage volt-
age line 131, and the third drain electrode 175¢ are connected
to one another through the contact hole 185¢ 1n the storage
clectrode connecting member 139'.

Also, 1 the exemplary embodiment of FIG. 12, the open-
ing 189 and the cover 199 formed at the right side of the

[l
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transistor region of FIG. 4 1s removed, and the opening 189
and the cover 199 are only formed at the left side of the
transistor region.

The exemplary embodiment of FIG. 12 further includes the
contact hole 1854 that 1s absent 1n the exemplary embodiment
of FIG. 4, and has the storage electrode connecting member
139" connected thereto. With this configuration, the width of
the transistor region 1s wide such that the aperture ratio 1s
reduced. This may be a drawback compared with another
exemplary embodiment of the present invention, but the merit
of maintaining a constant storage voltage Vcst may make the
exemplary embodiment of FIG. 12 desirable 1n some appli-
cations.

In the exemplary embodiments of FIG. 4 to FIG. 12, the
data line 171 and the assistant storage voltage line 137 do not
overlap. This 1s because the cell gap 1s relatively reduced
(referring to g of FIG. 6) 1n the region where the data line 171
and either the gate line 121 or the main storage electrode line

131 intersect when forming the color filter 230 on the lower
panel 200 such that the short of the common electrode 270 of
the upper panel 200 may be easily generated. However, the
assistant storage voltage line 137 1s not formed 1n the region
where the data line 171 and either the gate line 121 or the main
storage electrode line 131 cross, to minimize the chances of
causing a short circuit.

In the exemplary embodiments of FIG. 4 to FIG. 12, the
assistant storage voltage line 137 transmitting the storage
voltage 1s not formed with the same layer as the pixel elec-
trodes 191a and 1915, but 1s formed with the same layer as the
data line 171 that 1s closer to the substrate 110. Therefore,
although the storage voltage Vcstis high, the interval from the
common electrode 270 1s large such that the interference 1s
not generated. In the exemplary embodiment of FIG. 4, the
high voltage among the various storage voltages Vcst used in
Table 1 to Table 3 may be used, and the voltage of more than
11V where the transmittance is saturated 1s used as the storage
voltage Vst 1n the exemplary embodiment of FIG. 4. At this
time, the voltage of 7V 1s used as the common voltage Vcom.

Next, a portion of a pixel according to another exemplary

embodiment of the present imvention will be described with
reference to FIG. 13 and FIG. 14.

Firstly, FIG. 13 will be described.

FIG. 13 1s a layout view of a portion of one pixel of a
display device according to another exemplary embodiment
of the present invention.

In the exemplary embodiment of FIG. 13, a function of the
assistant storage voltage line 1s performed by using the shield-
ing electrode line 138. That 1s, the exemplary embodiment of
FIG. 9 1s similar thereto; however, the shielding electrode line
138 includes a portion that does not overlap with the data line
171.

In the exemplary embodiment of FIG. 13, the shielding
clectrode line 138 extends according to the data line 171
without overlapping the data line 171 1n the transistor region,
and then bends 1nto the transistor region of one side. That 1s,
the shielding electrode line 138 includes an extension 139-2
that extends from the storage electrode connecting member
139 without overlapping with the data line 171 and bends 1nto
the transistor region. In the transistor region, the shielding
clectrode line 138 becomes connected to the storage electrode
connecting member 139, and a connection 139-3 bent toward
the data line 171.

The electrode connecting member 139 1s connected to the
protrusion 134 of the main storage voltage line 131, the third
drain electrode 175¢, and the first assistant storage voltage

line 137a through the contact hole 1835c¢.
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The connection 139-3 1s connected to a cover 199 covering,
the opeming 189 formed 1n the passivation layer 180 1nside the
transistor region positioned at the other side of the data line
171.

Also, the shielding electrode line 138 1s supplied with the
storage voltage Vcst, thereby having a function of transmit-
ting the storage voltage Vst in the direction that the data line
171 extends.

The exemplary embodiment of FI1G. 13 includes the shield-
ing electrode 138 overlapping the data line 171, and when the
color filter 230 1s formed 1n the lower panel 100, the cell gap
1s relatively reduced (referring to g of FIG. 6) in the region
where the data line 171 and either the gate line 121 or the main
storage electrode line 131 overlap each other such that the
short with the common electrode 270 of the upper panel 200
may be easily generated. Accordingly, 1n FIG. 13, the shield-
ing electrode 138 curves toward the transistor on the region
where the data line 171 and either the gate line 121 or the main
storage electrode line 131 overlap each other. As a result, 1n
the region where the data line 171 and either the gate line 121
or the main storage electrode line 131 overlap each other, the
shielding electrode line 138 and the common electrode 270
are not easily shorted.

In the exemplary embodiment of FIG. 13, the shielding
clectrode line 138 also has a role that transmits a storage
voltage. Thus, the shielding electrode line 138 may be
referred to as an assistant storage voltage line. In the exem-
plary embodiment in which the shielding electrode line 138
and the first and second assistant storage voltage lines 137a
and 13756 equally transmit the storage voltage Vcst, one wire
among them may be omitted. Omission of the shielding elec-
trode line 138 results 1n an embodiment that 1s substantially
similar to that of FIG. 4. Also, when the first and second
assistant storage voltage line 137a and 1375 are omitted, 1n
FIG. 13, the corresponding wiring (the first and second assis-
tant storage voltage lines 137a and 1375) 1s removed such that
the third drain electrode 175¢ extends to the third contact hole
185c¢ on the protrusion 134 of the main storage voltage line
131 (referring to the shape of the third drain electrode 175¢ of
FIG. 14) in order for the third drain electrode 175¢ to receive
the storage voltage. Also, when the shielding electrode line
138 indicates the assistant storage voltage line instead of the
shielding electrode line, 139-2 and 139-3 may indicate the

storage electrode connecting member by combining the
extension and the connection.

Also, 1n the exemplary embodiment of FIG. 13, the shield-
ing electrode line 138 transmitting the storage voltage Vcstis
formed with the same layer as the pixel electrodes 191a and
19156. Referring to FIG. 6, the common electrode 270 1s not
tar from the shielding electrode line 138 such that 1t 1s difficult
to use the voltage having a large difference from the common
voltage Vcom as the storage voltage Vest. If the difference
between the common voltage Vcom and the storage voltage
Vst 1s large, the circumierential liguid crystal molecules
become arranged by the electric field in an undesired arrange-
ment direction such that the difference causes light leakage.
Therefore, 1n the exemplary embodiment of FIG. 13, the
voltage having the small difference with the common voltage
Vceom (7 V) 1s used among the various storage voltages Vst
used 1in Table 1 to Table 3, and the voltage o1 9 V may be used
as the storage voltage Vcst.

Next, an exemplary embodiment having a different struc-
ture for applying a storage voltage Vcst to a pixel of each color
will be described based on an exemplary embodiment of FIG.

14.
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FIG. 14 15 a layout view of three neighboring pixels of a
display device according to another exemplary embodiment
of the present invention.

An arrangement structure of a pixel shown in the exem-
plary embodiment of FI1G. 14 1s slightly different from that of
FIG. 4 and FI1G. 9 to FI1G. 13. However, the circuit diagram of
the pixel structure 1s the same as the circuit diagram of FIG. 3.

In FIG. 14, a red pixel, a green pixel, and a blue pixel are
shown going from left to right. Among the three pixels, a
structure for transmitting the storage voltage Vst in the direc-
tion that the data line 171 extends 1s only formed in one pixel
(a blue pixel in the exemplary embodiment of FIG. 14).

That 1s, 1n the red pixel and the green pixel, the main
storage electrode line 131 and the third drain electrode 175¢
are connected by using the storage electrode connecting
member 139.

However, 1n the blue pixel, a storage electrode connecting
member 139" that extends from the storage electrode con-
necting member 139 1s formed to connect a protrusion 134' of
the second storage electrode 133/ of the second subpixel as
well as the connection of the main storage electrode line 131
and the third drain electrode 175¢, and thereby the storage
voltage Vst 1s directly transmitted to the side of the second
subpixel. The second storage electrode 133/ (hereafter
referred to as the second connection portion) of the second
subpixel 1s connected to the first storage electrode 133/ (here-
alter referred to as the first connection portion) of the first
subpixel of the underlying pixel, and the first storage elec-
trode 133/ 1s directly connected to the main storage electrode
line 131, and thereby the storage voltage Vst 1s constant. As
shown 1n FI1G. 14, although the storage electrode connecting
member 139" formed 1n the blue pixel 1s formed one by one
among a plurality of neighboring pixels, the storage voltage
Vst may be constantly and sufficiently maintained.

In FIG. 14, the structure including the assistant storage
voltage line or the shielding electrode line 1s not shown, but as
shown in FIG. 4 and FIG. 9 to FIG. 13, when forming the
wiring (the assistant storage voltage line or the shielding
clectrode line) transmitting the storage voltage Vcst in the
vertical direction, one wire may be formed among a plurality
ol neighboring pixels.

In the exemplary embodiment of FIG. 14, the data line 171
and the storage electrode connecting member 139" do not
overlap with each other. This 1s because the cell gap 1s rela-
tively reduced (referring to g of FIG. 6) 1n the region where
the data line 171 and either the gate line 121 or the main
storage electrode line 131 intersect when forming the color
filter 230 on the lower panel 200 such that the common
clectrode 270 of the upper panel 200 may easily generated a
short circuit. However, the storage electrode connecting
member 139" 1s not formed in the region where the data line
171 and either the gate line 121 or the main storage electrode
line 131 cross such that there 1s no possibility of short circuit
generation.

Also, 1in the exemplary embodiment of FI1G. 14, the storage
clectrode connecting member 139" transmitting the storage
voltage 1n the direction of the data line 171 1s formed with the
same layer as the pixel electrodes 191a and 1915. However,
the storage electrode connecting member 139" 1s not formed
on the data line 171 and hence it 1s not too close to the
common e¢lectrode 270. In contrast, the storage electrode
connecting member 139" 1s formed with the same layer as the
data line 171 such that the distance to the common electrode
2770 1s not very far, and thereby it 1s preferable 11 the storage
voltage Vcst to be used 1s more than the storage voltage of the
exemplary embodiment of FIG. 13 and less than the storage
voltage of F1G. 4 to FIG. 12. That 1s, when using the common
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voltage Vcom of 7V, the voltage of more than 9 V and less
than 11 V may be used as the storage voltage Vcst.

Also, the structure of the storage electrode connecting
member 139" used 1n FIG. 14 may be applied to the exem-
plary embodiments of FIG. 4, FIG. 9, FIG. 10, FIG. 11, and
FIG. 12. Furthermore, the structure of the storage electrode
connecting member 139" used in FIG. 14 may be applied to
the various display panels including the structure transmitting
the storage voltage Vst 1n the direction of the data line 171.

In the exemplary embodiments above, the storage voltage
and the storage voltage line are used. However, this 1s not a
limitation of the invention. Further, as the voltage that is
commonly and respectively applied to the plurality of pixels
through the wiring may use the storage voltage and/or the
storage voltage line, this 1s included 1n the range of the present
invention. Various voltages and lines may be used, including
but not limited to a common voltage, a reference voltage, or a
driving voltage. That 1s, 1n the pixel of the organic light
emitting device, a driving voltage applied to a driving tran-
s1stor connected to an organic light emitting element may be
one example. Therefore, in the above specification, the 1tem
that 1s referred to as the main storage voltage line and the
assistant storage voltage line (or the shielding electrode line)
1s used. However, the transmitted voltage may not be the
storage voltage such that the item thereof may be generally
called the first wiring and the second wiring. The voltage that
1s commonly applied to each pixel may be called the first
voltage.

FIG.15to FIG. 17 are layout views of one pixel of a display
device according to another exemplary embodiment of the
present invention.

In the exemplary embodiments of FIG. 15 to FIG. 17 as
exemplary vanations of FIG. 4, a structure of the first assistant
storage voltage line 137a or the second assistant storage
voltage line 1375 1s changed.

That 1s, 1n FIG. 15, the first assistant storage voltage line
137a overlaps the transverse stem 192 as well as the longitu-
dinal stem 193 of the first subpixel electrode 1914, thereby
forming a cross-shaped portion. As a result, the storage
capacitance 1s increased such that display quality 1s improved
compared with the exemplary embodiment of FIG. 4.

Meanwhile, in FIG. 16, the second assistant storage volt-
age line 1376 overlaps the transverse stem 192 and the lon-
gitudinal stem 193 of the second subpixel electrode 1915 to
form cross shape. In F1G. 17, the first assistant storage voltage
line 137a and the second assistant storage voltage line 1375
both overlap the transverse stem 192, thereby forming the
cross. As aresult, in FIG. 16 and FIG. 17, the storage capaci-
tance 1s higher than in the exemplary embodiment of FIG. 4
such that display quality from a position other than the front
1s improved.

Next, another exemplary embodiment of the present mven-
tion will be described.

A liquid crystal display according to an exemplary embodi-
ment of the present invention will be described with reference
to FIG. 18 to FIG. 21. A liquid crystal display shown 1n FIG.
18 may have a pixel with the equivalent circuit shown 1n FIG.
3.

FIG. 18 1s a schematic view of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion, and FIG. 19 1s a layout view of one pixel of the liquid
crystal display of FIG. 18. FIG. 20 1s a cross-sectional view
taken along the line XX-XX of FIG. 19, and FIG. 21 15 a
cross-sectional view taken along the line XXI-XXI of FIG.
19.
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Referring to FIG. 18, a liquid crystal display according to
the present exemplary embodiment includes a lower panel
100 and an upper panel 200.

In the lower panel 100, a plurality of gate lines 121, a
plurality of data lines 171, a plurality of main storage elec-
trode lines 131, a gate driver 400, and a data driver 300 are
formed. The gate line 121 1s connected to a gate pad 129
receiving the gate signal made of the combination of the
gate-on voltage Von and the gate-off voltage Voif from the
gate driver 400, and the data line 171 1s connected to a data
pad 179 receiving a data signal from the data driver 500.

The gate driver 400 may be directly mounted onthe display
panel assembly 300 in the form of at least one integrated
circuit or an IC chip, may be mounted on a flexible printed
circuit film (not shown) to be attached to the lower panel 100,
or may be mounted on a separate printed circuit board (not
shown). Also, the gate driver 400 may be formed on the lower
panel 100 along with the gate line 121, the data line 171, and
the thin film transistor.

The gate line 121 and the data line 171 intersect, thereby
defining pixels PX forming a display area. In FIG. 18, the
region where the lower panel 100 and the upper panel 200
overlap includes the display area. A storage voltage bar 135
applying the storage voltage to the main storage electrode line
131 i1s formed 1n a peripheral area of both sides of the display
area. The storage voltage bar 135 has a rectangular shape. In
the present exemplary embodiment, the storage voltage bar
135 1s formed with the rectangular shape. However this 1s not
a limitation of the ivention, which may be implemented 1n
various other shapes such as an oval shape. Also, in the
present exemplary embodiment, the storage voltage bar 135
1s positioned 1n the peripheral area of both sides of the display
area. This 1s not a limitation of the invention either, and it may
be positioned at just one side of the display area.

Here, the main storage electrode line 131 1s formed with
the same layer as the gate line 121, and the storage voltage bar
135 1s formed with the same layer as the data line 171. That 1s,
the main storage electrode line 131 and the storage voltage
bar 135 are formed with different layers. The main storage
clectrode line 131 and the storage voltage bar 135 that are
formed with the different layers are connected to each other
through a connection electrode (not shown) formed with the
same layer as a pixel electrode 191 that will be described later.

The storage voltage line 130 includes a plurality of main
storage voltage lines 131 and a plurality of assistant storage
voltage lines 137.

A printed circuit board (PCB) 520 recerving an image
signal from the outside of the liquid crystal display and apply-
ing a driving signal to the liquid crystal display on the lower
panel 100 1s connected to the lower panel 100 through a
flexible printed circuit substrate 510.

The storage voltage bar 1335 1s connected to the first voltage
pad 190 receiving the voltage (heremalter referred to a stor-
age voltage, and even if the component 1s different, 1t includes
the voltage commonly applied to a plurality of pixels) com-
monly applied to the pixel through a first signal line 135-1
(referred to as the storage voltage transmitting line, or the first
storage voltage transmitting line, to be distinguished from
135-2). The first voltage pad 190 1s formed 1n a printed circuit
board (PCB) 520.

The assistant storage voltage line 137 1s formed on each
data line 171 (referring to FIG. 19). That 1s, the number of
assistant storage voltage lines 137 1s the same as the number
of data lines 171. Each assistant storage voltage line 137 1s
connected to the main storage electrode line 131 to disperse
the storage voltage.
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As described above, the storage voltage 1s dispersed inside
the liquid crystal display by the assistant storage voltage line
137 such that the change of the storage voltage may be pre-
vented 1nside the liquid crystal display. Also, each assistant
storage voltage line 137 1s positioned on the data line 171
such that the data voltage applied to the data line 171 1s
prevented from aflecting the liquid crystal layer 3.

Referring to FI1G. 19 to FI1G. 21, the liquid crystal display of
FIG. 18 will be described 1n detail.

A liquad crystal display according to the present exemplary
embodiment 1includes a lower panel 100 and an upper panel
200, a liguad crystal layer 3 interposed between the two dis-
play panels 100 and 200, and a pair of polarizers (not shown)
attached to the outer surfaces of the display panels 100 and
200.

First, the lower panel 100 will be described.

A gate line 121 and a main storage electrode line 131 are
formed on an insulation substrate 110 made of transparent
glass or plastic. The gate line 121 includes the first gate
clectrode 124a, the second gate electrode 1245b, and the third
gate electrode 124¢. The main storage electrode line 131
includes a storage electrode 133 enclosing the first pixel
clectrode 191a and a protrusion 134 protruding in the direc-
tion of the gate line 121.

A gate insulating layer 140 1s formed on the gate line 121
and the main storage electrode line 131. The first semicon-
ductor 154a, the second semiconductor 1545 and the third
semiconductor 154¢ are formed on the gate insulating layer
140.

A plurality of ohmic contacts 163a and 165a, and 165¢ are
respectively formed on the first semiconductor 154q and the
third semiconductor 154¢. An ohmic contact (not shown) 1s
formed on the second semiconductor 154b.

A data conductor (171, 173¢, 175a, 175b, and 1735¢)
including a plurality of data lines 171 including the first
source electrode 1734 and the second source electrode 1735,
the first drain electrode 175a, the second drain electrode
1755, the third source electrode 173a, and the third drain
electrode 175¢ 1s formed on the ohmic contacts 163a, 1654,
and 165¢ and the gate mnsulating layer 140. The third drain
clectrode 175¢ overlaps the protrusion 134 of the main stor-
age electrode line 131.

The first gate electrode 124a, the first source electrode
173a, and the first drain electrode 175a form the first thin film
transistor Qa along with the first semiconductor 154qa, and the
channel of the thin film transistor 1s formed 1n the semicon-
ductor portion 154a between the first source electrode 173a
and the {irst drain electrode 175a.

Similarly, the second gate electrode 124H, the second
source electrode 1735, and the second drain electrode 17556
form the second thin film transistor Qb along with the second
semiconductor 15454, and the channel of the thin film transis-
tor 1s formed 1n the semiconductor portion 1545 between the
second source electrode 1735 and the second drain electrode
1756, and the third gate electrode 124¢, the thuird source
electrode 173¢, and the third drain electrode 175¢ form the
third thin film transistor Qc along with the third semiconduc-
tor 154¢, and the channel of the thin film transistor 1s formed
in the semiconductor portion 154¢ between the third source
clectrode 173 ¢ and the third drain electrode 175c.

A passivation layer 180 1s formed on the data conductor
(171,173¢,175a,175b, and 175¢) and the exposed portion of
the semiconductors 154a, 1545, and 154¢. The passivation
layer 180 1s made of an inorganic isulator such as silicon
nitride and silicon oxide. However, the passivation layer 180
may be made of an organic insulator and the surface thereof
may be flat. In the case of the organic 1nsulator, the passiva-
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tion layer 180 may have a photosensitivity and a dielectric
constant of less than about 4.0. The passivation layer 180 can
have a dual-layered structure made of a lower inorganic layer
and an upper organic layer at the exposed region of the semi-
conductor 154 1n order to sustain the inorganic layer’s excel-
lent insulating characteristic and to not damage the exposed
region of the semiconductor 154a, 1545, and 154c.

The passivation layer 180 1ncludes the first contact hole
1854, the second contact hole 18554, and the third contact hole
185¢ respectively exposing the first drain electrode 1754, the
second drain electrode 17554, and the third drain electrode
175¢.

A pixel electrode 191 including the first subpixel electrode
191a and second subpixel electrode 1915 and an assistant
storage voltage line 137 are formed on the passivation layer
180. The pixel electrode 191 and the assistant storage voltage
line 137 may be made of a transparent conductive material
such as ITO or IZ0O, or a reflective metal such as aluminum,
silver, chromium, or alloys thereof.

The first subpixel electrode 191a and the second subpixel
clectrode 1915 neighbor each other 1n the column direction
and the overall shape thereof 1s quadrangular, and 1ncludes a
cross stem having a transverse stem 192 and a longitudinal
stem 193 intersecting thereto. The first and second sub-pixel
clectrodes 191a and 1915 are divided 1nto four sub-regions by
the transverse stem 192 and the longitudinal stem 193, and
cach of the sub-regions includes a plurality of minute
branches 194.

Some minute branches 194 of the first subpixel electrode
191a and the second subpixel electrode 1915 obliquely
extend in the left upper direction from the transverse stem 192
or the longitudinal stem 193, and other minute branches 194
obliquely extend in the right upper direction from the trans-
verse stem 192 or the longitudinal stem 193. Also, some other
minute branches 194 extend 1n the left lower direction from
the transverse stem 192 or the longitudinal stem 193, and the
other minute branches 194 obliquely extend 1n the right lower
direction from the transverse stem 192 or the longitudinal
stem 193.

Each of the minute branches 194 form an angle of about 40
degrees to 45 degrees with the gate line 121 or the transverse
stem 192. Particularly, the minute branches 194 included 1n
the first subpixel electrode 191a may form an angle of about
40 degrees with the transverse stem 192, and the minute
branches 194 included 1n the second subpixel electrode 1915
may form an angle of about 45 degrees with the transverse
stem 192. Also, the minute branches 194 of two neighboring
subregions may intersect.

Although not shown, the width of the minute branches 194
may gradually change going from one end to the other.

The first subpixel electrode 191a and the second subpixel
clectrode 1915 are physically and electrically connected to
the first drain electrode 175a and the second drain electrode
1755 through contact holes 1854 and 1835, respectively, and
receive the data voltage from the first drain electrode 1754
and the second drain electrode 17554. In this case, a part of the
data voltage applied to the second drain electrode 1755 1s
divided through the third source electrode 173¢, such that the
magnitude of the voltage applied to the second subpixel elec-
trode 1916 may be smaller than that of the voltage applied to
the first subpixel electrode 191q. In this case, the voltage
applied to the first subpixel electrode 191a and the second
subpixel electrode 1915 1s positive, and 1n contrast, 1n a case
where the voltage applied to the first subpixel electrode 1914
and the second subpixel electrode 1915 1s negative, the volt-
age applied to the first subpixel electrode 191a 1s smaller than
the voltage applied to the second subpixel electrode 1915.
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An area of the second subpixel electrode 1915 may be
approximately one to two times larger than that of the first
subpixel electrode 191a.

The assistant storage voltage line 137 1s positioned at the
portion corresponding to each data line 171, and includes a
connecting member 139 extending toward the protrusion 134

of the main storage electrode line 131. The connecting mem-
ber 139 1s connected to the third drain electrode 175¢ through
the third contact hole 185c¢.

Next, the upper panel 200 will be described.

A light blocking member 220 1s formed on an insulation
substrate 210 made of transparent glass or plastic. The light
blocking member 220 is referred to as a black matrix and
prevents light leakage.

A plurality of color filters 230 are formed on the substrate
210 and the light blocking member 220. Most of the color
filters 230 are formed 1n the region enclosed by the light
blocking member 220, and may extend according to a column
of the pixel electrode 191. Each color filter 230 may display
one of three primary colors such as red, green, and blue.
However, the ivention i1s not limited to the three primary
colors such as red, green, and blue, and may display one of
cyan, magenta, yellow, and white-based colors.

At least one of the light blocking member 220 and the color
filter 230 may be formed on the lower substrate 110.

An overcoat 250 1s formed on the color filter 230 and the
light blocking member 220. The overcoat 250, which may be
made of an 1nsulating material, prevents the color filter 230
from being exposed, and has a flat surface. The overcoat 250
may be omitted.

A common electrode 270 1s formed on the overcoat 250.

Alignment layers (not shown) are formed on both surfaces
of the display panels 100 and 200, and they may be vertical
alignment layers.

Polarizers (not shown) are formed on the outer surface of
the display panels 100 and 200, the polarization axis of the
two polarizers are nonparallel, and one polarization axis
thereol may be parallel to the gate lines 121. In a case of a
reflective liquid crystal display, one of the two polarizers may
be omitted.

The first subpixel electrode 191a and the second subpixel
clectrode 19156 applied with the data voltage generate an
clectric field together with the common electrode 270 of the
common electrode panel 200 that receives the common volt-
age, to thereby determine an onentation of liquid crystal
molecules of the liquid crystal layer 3 between the two elec-
trodes 191a and 1915, and 270. Polarization of light that
transmits through the liquid crystal layer 3 depends on the
orientation of the liquid crystal molecules.

The first and second subpixel electrodes 191a and 1915 and
the common electrode 270 form the liquid crystal capacitors
Clc_H and Clc_L to maintain the applied voltage aiter the
thin film transistor 1s turned off. At this time, the edges of the
minute branches 194 make the horizontal component perpen-
dicular to the edges of the minute branches 194, and an
inclination direction of liquid crystal molecules (not shown)
1s determined 1n the direction determined by the horizontal
component. Here, the liquid crystal molecules initially tend to
incline 1n the direction perpendicular to the edge of the minute
branches 194. However, the directions of the horizontal com-
ponents of the electric field by the edge of the neighboring
minute branches 194 are opposite, and the interval between
the minute branches 194 1s very narrow such that the liquid
crystal molecules that tend to incline in the opposite direction
to each other are tilted 1n the direction parallel to the length
direction of the minute branches 194.
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Here, in an exemplary embodiment of the present inven-
tion, the minute branches 194 of one pixel extend 1n four
directions such that the liquid crystal molecules are inclined
in four different directions. Therefore, the viewing angle of
the liquid crystal display 1s widened by varying the inclined
directions of the liquid crystal molecules.

Hereinafter, referring to FIG. 22 and FIG. 23, a liquid
crystal display according to another exemplary embodiment
of the present invention will be described.

FIG. 22 1s a schematic view of a liquid crystal display
according to another exemplary embodiment of the present
invention, and FIG. 23 1s a layout view of one pixel of the

liquad crystal display of FIG. 22.
Referring to FIG. 22 and F1G. 23, the liquid crystal display

according to the present exemplary embodiment 1s similar to
the liqguad crystal display according to the exemplary embodi-
ment shown 1n FIG. 18 to FIG. 21. The description of similar
portions 1s omitted.

Unlike 1n the liguid crystal display according to the exem-
plary embodiment shown in FIG. 18 to FIG. 21, 1n the liquid
crystal display according to the present exemplary embodi-
ment, the assistant storage voltage line 137 1s formed at a Va-,
I4-, and ¥4-way between the storage voltage bars 135, which
are separated by a total distance D. That 1s, in the liquid crystal
display according to FIG. 22, three assistant storage voltage
lines 137 are formed. Each assistant storage voltage line 137
1s connected to an assistant voltage pad 190' transmitting an
assistance voltage through the assistant storage voltage bar
137-1. The assistant voltage pad 190 1s formed 1n the printed
circuit board (PCB) 520.

Each assistant storage voltage line 137 1s positioned on the
data line 171, thereby receiving the assistance voltage from
the assistant voltage pad 190'. The magnitude of the storage
voltage applied to each main storage electrode line 131 1s
more than 1 V and less than 20 V, and the magnitude of the
assistance voltage applied to each assistant storage voltage
line 137 1s equal to or larger than the magnitude of the storage
voltage applied to the main storage electrode line 131 and 1s
less than a value of which 10V 1s added to the storage voltage
applied to each main storage electrode line 131. Preferably,
the magnitude of the storage voltage applied to each main
storage electrode line 131 1s larger than 7 V and less than 15
V, and the magnitude of the assistance voltage applied to each
assistant storage voltage line 137 1s equal to or larger than the
storage voltage applied to each main storage electrode line
131 and 1s less than a value of which 3V 1s added to the storage
voltage applied to each main storage electrode line 131.

As described above, three assistant storage voltage lines
137 are formed, and the assistance voltage that 1s equal to or
larger than the storage voltage applied to the storage voltage
bar 135 1s applied to each assistant storage voltage line 137
such that the change of the storage voltage may be prevented
inside the liquid crystal display.

On the other hand, when the change of the storage voltage
1s not large inside the liquid crystal display, the assistance
voltage may not be applied.

In the present exemplary embodiment, the assistant storage
voltage line 137 1s formed at Y4, V2, and 34 of the distance D
between the storage voltage bars 135 positioned on two sides.
However, the assistant storage voltage line 137 1s only formed
at the 42-way point between the storage voltage bars 135.
Also, the assistant storage voltage line 137 may be formed in
the data driver 500.

Hereinafter, referring to FIG. 24 to FIG. 26, a liquid crystal
display according to another exemplary embodiment of the
present invention will be described.
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FIG. 24 1s a schematic view of a liquid crystal display
according to another exemplary embodiment of the present
invention, FIG. 235 1s a layout view of one pixel of the liquid

crystal display of FIG. 24, and FIG. 26 1s a cross-sectional
view taken along the line XXVI-XXVTI of FIG. 25.

Referring to FIG. 24 to FIG. 26, the liqud crystal display
according to the present exemplary embodiment 1s similar to
the liquid crystal display according to the exemplary embodi-
ment shown 1n FIG. 18 to FIG. 21. The description of similar
portions 1s omitted.

In the liquid crystal display according to the present exem-
plary embodiment, differently from the liquid crystal display
according to the exemplary embodiment shown 1n FIG. 18 to
FIG. 21, the storage voltage bar 135 1s formed with a trap-
ezoidal shape, the assistant storage voltage line 137 1s not

formed, and an auxiliary electrode 195 connected to the third
drain electrode 175¢ through the third contact hole 1835¢ 1s
formed.

The auxiliary electrode 195 1s formed on the passivation
layer 180 and 1s formed with the same layer as the pixel
clectrode 191.

The width a at the end of the storage voltage bar 135
connected to the first signal line 135-1 1s narrower than the
width b at the other end. The width a of the end of the storage
voltage bar 135 that 1s connected to the first signal line 135-1
1s more than 10 um and less than 1000 um, and the width b of
the end facing thereto 1s larger than the width a and less than
four times the width a. Preferably, the width a at the end of the
storage voltage bar 1335 that 1s connected to the first signal line
135-1 1s more than 50 um and less than 300 um, and the width
b at the other end 1s larger than the width a but less than 4a.
The width of the storage voltage bar 135 1s gradually widened
from the end that 1s connected to the first signal line 135-1
closer to the opposite end.

Therelore, the resistance of the main storage electrode line
131 1s gradually increased from the end that 1s connected to
the first signal line 135-1 of the main storage electrode line
131 as 1t approaches the other end. However, as described
above, the width of the storage voltage bar 135 1s gradually
widened from the end that 1s connected to the first signal line
135-1 as it approaches the opposite end, and thereby the
resistance of the main storage electrode line 131 may be
decreased. Accordingly, the change of the storage voltage
may be prevented inside the liquid crystal display.

Heremaftter, referring to FI1G. 27, a liguid crystal display
according to another exemplary embodiment of the present
invention will be described.

FIG. 27 1s a view of a liquid crystal display according to
another exemplary embodiment of the present invention.

Referring to FI1G. 27, the liquid crystal display according to
the present exemplary embodiment 1s similar to the liquid
crystal display according to the exemplary embodiment
shown 1n FIG. 18 to FIG. 21. Repetitive descriptions of simi-
lar portions are omitted.

In the liquid crystal display according to the present exem-
plary embodiment, which 1s different from the liquid crystal
display according to the exemplary embodiment shown 1n
FIG. 18 to FIG. 21, the assistant storage voltage line 137 1s not
formed, and the storage voltage bar 135 1s supplied with two
kinds of storage voltage.

The first voltage pad 190 and a second voltage pad 190" are
formed 1n the printed circuit board (PCB) 520. The first volt-
age pad 190 1s connected to the storage voltage bar 135
through the first signal line 135-1, and the second voltage pad
190" 1s connected to the storage voltage bar 135 through the
second signal line 135-2 (referred to as a storage voltage
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transmitting line, or the second storage voltage transmitting,
line to distinguish from 135-1).

The first signal line 135-1 and the second signal line 135-2
are connected to first and second ends of the storage voltage
bar 135, respectively. The storage voltage bar 135 receives the
first storage voltage through the first signal line 135-1 and the
second storage voltage through the second signal line 135-2.

The magnitude of the first storage voltage 1s larger than 1 V
and less than 20 V, and the magnitude of the second storage
voltage 1s equal to or larger than the magnitude of the first
storage voltage but not by more than 5 V. Preferably, the
magnitude of the first storage voltage 1s larger than 7 V and
less than 15 V, and the magnitude of the second storage
voltage 1s equal to or larger than the magnitude of the first
storage voltage but not by more than 2 V.,

Also, the magnitude of the first storage voltage may be
equal to the magnitude of the second storage voltage.

As described above, the second end of the storage voltage
bar 135 1s applied with the second storage voltage that 1s equal
to or larger than the magnitude of the first storage voltage such
that the change of the storage voltage may be prevented inside
the liquid crystal display.

On the other hand, the above-described exemplary
embodiments may be combined, as described 1n FIG. 28.

FIG. 28 1s a view of a liquid crystal display according to
another exemplary embodiment according to the present
invention.

Referring to FIG. 28, the liquid crystal display according to
the present exemplary embodiment includes a combination of
clements of the liquid crystal display from the embodiments
of FIG. 18, FIG. 24, and FIG. 27.

The assistant storage voltage line 137 1s formed on each
data line 171 such that the number of assistant storage voltage
lines 137 1s the same as the number of data lines 171. Each
assistant storage voltage line 137 1s connected to the main
storage electrode line 131, dispersing the storage voltage.

The storage voltage bar 135 has a trapezoidal shape, and
the width a of the first end of the storage voltage bar 135 that
1s connected to the first signal line 135-1 1s narrower than the
width b of the second end. The width of the storage voltage
bar 135 1s gradually widened from the first end as 1t
approaches the second end-.

The storage voltage bar 135 1s applied with the second
storage voltage that 1s equal to or larger than the magnitude of
the first storage voltage. The first voltage pad 190 and the
second voltage pad 190" are formed 1n the printed circuit
board (PCB) 520. The first voltage pad 190 1s connected to the
storage voltage bar 135 through the first signal line 135-1, and
the second voltage pad 190" 1s connected to the storage volt-
age bar 135 through the second signal line 135-2.

The first end of the storage voltage bar 133 that i1s con-
nected to the first signal line 135-1 1s at the opposite end of the
second end of the storage voltage bar 135 that 1s connected to
the second signal line 135-2. The storage voltage bar 135
receives the first storage voltage through the first signal line
135-1 and the second storage voltage through the second
signal line 135-2.

As described above, by the combination of the elements of
the liquid crystal display shown 1n FI1G. 18, FIG. 24, and FIG.
277, changes of the storage voltage inside the liquid crystal
display may be avoided.

In the present exemplary embodiment, a liquid crystal dis-
play including the combination of the elements of the liquid
crystal display shown 1n the embodiments of FIG. 18, FIG.
24, and FIG. 27 1s described. Elements of a liquid crystal
display from other exemplary embodiments may also be com-

bined.
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Next, referring to Table 4 and Table 3, the liquid crystal
display including the combination of elements from the liquid
crystal displays shown 1n FIG. 18 and FIG. 22 and a conven-
tional structure, that 1s, the liquid crystal display 1n which
only the storage voltage bar of the rectangular shape and the
main storage electrode line connecting the storage voltage bar
are formed and the storage voltage bar 1s applied with one
storage voltage, 1s described.

Table 4 shows data for transmittance dispersion of the
conventional structure and a combination of elements from
the liquid crystal display of FIG. 18 and FIG. 22.

A standard deviation of the transmittance of nine points of
a panel according to Comparative Example 1, Comparative
Example 2, and Comparative Example 3 of the conventional
structure and Comparative Example 1, Comparative Example
2, and Comparative Example 3 of the combination of ele-
ments from the liquid crystal display of FI1G. 18 and FIG. 22
1s shown.

In case elements from the liquid crystal display of FI1G. 18
and FIG. 22 are combined, an average of the transmittance
dispersion of the Comparative Examples 1s 0.07%. For a
conventional structure, the average of the transmittance dis-
persion of Comparative Examples 1s 0.19%. The combination
of elements from the liquid crystal display of FIG. 18 and
FIG. 22 has the high transmittance compared with the con-
ventional structure.

TABL.

1

(Ll

Combination of constitutions of

Conventional liquid crystal displays according

structure to FIG. 18 and FIG. 22
Comparative 0.18%  Comparative Example 1 0.09%
Example 1
Comparative 0.21% Comparative Example 2 0.05%
Example 2
Comparative 0.17% Comparative Example 3 0.07%
Example 3

Table 5 shows data for a storage voltage drops 1n a conven-
tional structure and a structure that combines elements from
the liquad crystal display of FIG. 18 and FIG. 22. The storage
voltage drop 1s divided 1nto a horizontal direction and a ver-
tical direction. A left upper portion and a middle upper por-
tion of each panel are measured 1n the horizontal direction,
and a left upper portion and a left lower portion of each panel
are measured 1n the vertical direction.

In the structure that combines elements from the liquid
crystal display of FIG. 18 and F1G. 22, a storage voltage drop
1s 0.6 V 1n the horizontal direction of the panel and the vertical
direction of the panel. In the conventional structure, the stor-
age voltage drop 1s 3 V 1n the horizontal direction of the panel
and the storage voltage drop 1s 0.8 V 1n the vertical direction
of the panel.

In summary, the structure that has a combination of ele-
ments from the liquid crystal display of FIG. 18 and FIG. 22
has a smaller storage voltage drop compared with the con-
ventional structure.

TABL

L1

D

Structure that combines elements from

Storage voltage Conventional liquid crystal displays according

drop structure to FIG. 18 and FIG. 22
Panel 3V 0.6V
horizontal

direction
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TABLE 5-continued

Structure that combines elements from

Storage voltage Conventional liquid crystal displays according
drop structure to FIG. 18 and FIG. 22
Panel vertical 0.8V 0.6V

direction

In the above, storage voltage and storage voltage line are
used, but this 1s not a limitation of the mvention and any
voltage commonly applied to a plurality of pixels (or all
pixels) i the display area through the wiring may be used.
Various voltages including but not limited to the common
voltage, the reference voltage, and the driving voltage may be
used. In one example, the driving voltage 1s applied to the
driving transistor connected to the organic light emitting ele-
ment 1n the pixel of the organic light emitting device. In this
specification, although a wiring may be referred to as the
main storage voltage line or the assistant storage voltage line
(or the shielding electrode line), the transmitted voltage may
not be the storage voltage and hence the wiring may be called

the first wiring and the second wiring. The voltage that 1s
commonly applied to each pixel may be called the first volt-
age.

While this invention has been described 1n connection with
what 1s presently considered to be practical exemplary
embodiments, 1t 1s to be understood that the invention 1s not
limited to the disclosed embodiments, but, on the contrary, 1s
intended to cover various modifications and equivalent
arrangements 1ncluded within the spirit and scope of the
appended claims.

What 1s claimed 1s:

1. A display device comprising:

a plurality of gate lines;

a plurality of data lines;

a plurality of first wires extending 1n a direction of the gate
lines;

a plurality of second wires extending 1n a direction of the
data lines; and

a plurality of pixels,

wherein one pixel comprises a first subpixel having a first
subpixel electrode and a first switching element and a
second subpixel having a second subpixel electrode, a
second switching element, and a third switching ele-
ment,

the first switching element comprises a first control termi-
nal connected to one of the plurality of gate lines, a first
input terminal connected to one of the plurality of data
lines, and a first output terminal connected to the first
subpixel electrode,

the second switching element comprises a second control
terminal connected to the same gate line as the first
switching element, a second input terminal connected to
the same data line as the first switching element, and a
second output terminal connected to the second subpixel
electrode,

the third switching element comprises a third control ter-
minal connected to the same gate line as the first switch-
ing element, a third mmput terminal connected to the
second output terminal of the second switching element,
and a third output terminal connected to one of the
plurality of the second wires, and

the plurality of first wires and the plurality of second wires
are electrically connected to each other 1n at least one of
the plurality of pixels.
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2. The display device of claim 1, wherein

one of the plurality of first wires and one of the plurality of
second wires are electrically connected to each other at
a protrusion of the first wires.

3. The display device of claim 1, wherein

the first wire 1s a main storage voltage line, the second wire
1s an assistant storage voltage line, and the first wire and
the second wire are supplied with a storage voltage.

4. The display device of claim 3, wherein

a plurality of main storage voltage lines are connected by a
pair of storage voltage bars, and

a plurality of assistant storage voltage lines are connected
by at least one assistant storage voltage bar.

5. The display device of claim 4, wherein

a pair of storage voltage bars are positioned at respective
ends of the plurality of main storage voltage lines, and

at least one assistant storage voltage bar 1s connected to a
plurality of assistant storage voltage lines of a portion
formed at a left side, while one of the assistant storage
voltage bar 1s connected to a plurality of assistant storage
voltage lines formed at a right side.

6. The display device of claim 5, wherein

a main storage voltage line 1s connected to a first storage
clectrode and a second storage electrode that form the
assistant storage voltage line, and

a protrusion of the first storage electrode and a protrusion
of the second storage electrode are connected by a stor-
age electrode connecting member.

7. The display device of claim 6, wherein:

the first storage electrode 1s formed in the first subpixel;

the second storage electrode 1s formed 1n the second sub-
pixel;

the main storage voltage line 1s connected directly to the
first storage electrode; and

the second storage electrode 1s connected to the main stor-
age voltage line through the storage electrode connect-
ing member or the first storage electrode.

8. The display device of claim 6, wherein:

the storage electrode connecting member 1s formed 1n one
of a plurality of neighboring pixels.

9. The display device of claim 4, wherein

the pair of storage voltage bars and the at least one assistant
storage voltage bar receive the storage voltage from a
pad portion of a data driver.

10. The display device of claim 9, wherein

the pad portion of the data driver applying the storage
voltage to the pair of storage voltage bars and the at least
one assistant storage voltage bar comprises two pad
portions formed at a leltmost side and two pad portions
formed at a rightmost side.

11. The display device of claim 3, wherein

a plurality of the second wires overlap the pixel electrode.

12. The display device of claim 11, wherein

the first subpixel electrode and the second subpixel elec-
trode respectively comprise a transverse stem, a longi-
tudinal stem, and minute branches,

the assistant storage voltage line comprises a portion
formed according to the longitudinal stem.

13. The display device of claim 12, wherein

assistant storage voltage lines comprise a first assistant
storage voltage line and a second assistant storage volt-
age line,

the first assistant storage voltage line comprises a portion
overlapping the longitudinal stem of the first subpixel
clectrode and a portion extending toward a protrusion of
the main storage voltage line, and
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the second assistant storage voltage line comprises a por-
tion overlapping the longitudinal stem of the second
subpixel electrode and a portion connected to the third
switching element.

14. The display device of claim 13, wherein

at least one of the first assistant storage voltage line and the
second assistant storage voltage line comprises a portion
overlapping the transverse stem.

15. The display device of claim 13, wherein

the second assistant storage voltage line 1s connected to a
third drain electrode of the third switching element.

16. The display device of claim 15, wherein

the second assistant storage voltage line and the third drain
clectrode extend to the protrusion of the main storage
voltage line, and

the first assistant storage voltage line, the second assistant
storage voltage line, and the main storage voltage line
are electrically connected to each other at the protrusion
of the main storage voltage line.

17. The display device of claim 16, wherein

the first assistant storage voltage line and the second assis-
tant storage voltage line are directly connected at the
protrusion of the main storage voltage line and formed
with the same material.

18. The display device of claim 12, further comprising

a shielding electrode line formed according to the data line.

19. The display device of claim 18, wherein

one pixel comprises a transistor region between the first
subpixel and the second subpixel, and

the shielding electrode line comprises a first portion
extending toward the transistor region, an extension
extending from the first portion without overlapping
with the data line, and a connection curved toward the
data line.

20. The display device of claim 19, wherein

the first portion 1s electrically connected to the main stor-
age voltage line through a contact hole.

21. The display device of claim 12, wherein

assistant storage voltage lines are divided 1nto a first assis-
tant storage voltage line and a second assistant storage
voltage line, and the first assistant storage voltage line
and the second assistant storage voltage line are con-
nected by a storage electrode connecting member.

22. The display device of claim 1, wherein

the second wire 1s a shielding electrode line overlapping
the data line and extending 1n the direction of the data
line, and

the shielding electrode line comprises a {irst portion that
expands while bending in the transistor region, an exten-
sion extending from the first portion without overlap-
ping with the data line, and a connection curving toward
the data line.

23. A display device comprising:

a first substrate including a display area and a peripheral
area enclosing the display area;

two storage voltage bars respectively positioned in the
peripheral area at both sides of the display area;

a plurality of gate lines formed on the first substrate;

a plurality of main storage electrode lines positioned on the
first substrate and connected to the two storage voltage
bars;

a plurality of data lines positioned on the first substrate and
intersecting the gate lines;

a plurality of pixels connected to the plurality of gate lines
and the plurality of data lines; and

an assistant storage voltage line electrically connected to
the main storage electrode line,
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wherein each pixel comprises

a first thin film transistor and a second thin film transistor
connected to a gate line and a data line,

a third thin film transistor connected to a gate line, a second
thin film transistor, and a main storage electrode line,
and

a pixel electrode including a first subpixel electrode con-
nected to the first thin film transistor and a second sub-
pixel electrode connected to the second thin film tran-
s1stor.

24. The display device of claim 23, wherein

the assistant storage voltage line 1s formed in plural and 1s
connected to the main storage electrode line through a
third thin film transistor 1n each pixel.

25. The display device of claim 24, wherein

cach assistant storage voltage line 1s positioned on a data
line.

26. The display device of claim 235, further comprising,

a storage voltage transmitting line positioned 1n the periph-
eral area and applying a storage voltage to the storage

voltage bar,

wherein the width of the storage voltage bar 1s gradually
increased 1 going from a first end connected to the
storage voltage transmitting line to a second end that 1s
connected to the storage voltage transmitting line.

277. The display device of claim 26, wherein

the storage voltage bar 1s applied with a first storage volt-
age and a second storage voltage that 1s equal to or larger
than the first storage voltage.

28. The display device of claim 25, wherein:

the storage voltage bar 1s applied with a first storage volt-
age and a second storage voltage that 1s equal to or larger
than the first storage voltage.

29. The display device of claim 23, further comprising

multiple assistant storage voltage lines that are positioned at
4, 15, and ¥4 of a distance between the two storage voltage
bars.

30. The display device of claim 29, wherein

the assistant storage voltage line 1s positioned on the data
line.

31. The display device of claim 30, wherein

the magnitude of the voltage applied to the assistant storage
voltage line 1s equal to or larger than the magnitude of
the voltage applied to the main storage electrode line.

32. The display device of claim 31, further comprising

a storage voltage transmitting line positioned in the periph-
cral area and applying the storage voltage to the storage
voltage bar,

wherein the width of the storage voltage bar 1s gradually
increased 1 going from a first end connected to the
storage voltage transmitting line to a second end con-
nected to the storage voltage transmitting line.

33. The display device of claim 32, wherein

the storage voltage bar 1s applied with a first storage volt-
age and a second storage voltage that 1s equal to or larger
than the first storage voltage.

34. The display device of claim 31, wherein

the storage voltage bar 1s applied with a first storage volt-
age and a second storage voltage that 1s equal to or larger
than the first storage voltage.

35. The display device of claim 23, wherein

the assistant storage voltage line 1s positioned about hali-
way between two storage voltage bars.

36. The display device of claim 35, wherein

the assistant storage voltage line 1s positioned on the data
line.
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37. The display device of claim 36, wherein

the magnitude of the voltage applied to the assistant storage
voltage line 1s equal to or larger than the magnitude of
the voltage applied to the main storage electrode line.

38. The display device of claim 37, further comprising

a storage voltage transmaitting line positioned 1n the periph-
cral area and applying a storage voltage to a storage
voltage bar,

wherein the width of the storage voltage bar increases 1n

going Irom a first end connected to the storage voltage
transmitting line to a second end connected to the stor-
age voltage transmitting line.

39. The display device of claim 38, wherein

the storage voltage bar 1s applied with a first storage volt-
age and a second storage voltage that 1s equal to or larger
than the first storage voltage.

40. The display device of claim 37, wherein

a storage voltage bar 1s applied with a first storage voltage
and a second storage voltage that 1s equal to or larger
than the first storage voltage.

41. The display device of claim 23, wherein

the main storage electrode line comprises a protrusion
overlapping one terminal of the third thin film transistor,
and

the assistant storage voltage line comprises a connecting
member extending toward the protrusion of the main
storage electrode line.

42. The display device of claim 41, wherein

the connecting member 1s connected to one terminal of the
third thin film transistor.

43. The liquid crystal display of claim 42, wherein

the assistant storage voltage line 1s formed with the same
layer as the first subpixel electrode and the second sub-
pixel electrode.

44. The display device of claim 23, wherein

the output terminal of the second thin film transistor 1s
connected to the second subpixel electrode and the input
terminal of the third thin film transistor.

45. The display device of claim 44, wherein

the voltage applied to the second subpixel electrode 1s
lower than the voltage applied to the first subpixel elec-
trode.

46. The display device of claim 45, wherein

the area of the second subpixel electrode 1s equal to or
larger than the area of the first subpixel electrode.

47. The display device of claim 46, wherein

the first subpixel electrode and the second subpixel elec-
trode comprise a cross stem including a transverse stem
and a longitudinal stem intersecting thereto, and

a plurality of minute branches extending from the cross
stem.

48. The display device of claim 23, wherein

the gate line transmits a gate signal, and the gate signal
applied to each control terminal of the first thin film
transistor, the second thin film transistor, and the third
thin film transistor 1s simultaneously transmitted.

49. A display device comprising:

a first substrate including a display area and a peripheral
area enclosing the display area;

two storage voltage bars respectively positioned in the
peripheral area at two sides of the display area;

a gate line positioned on the first substrate;

a main storage electrode line positioned on the first sub-
strate and connected to the two storage voltage bars;

a data line positioned on the first substrate and intersecting,
the gate line;
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a first thin film transistor and a second thin film transistor
connected to the gate line and the data line;

a third thin film transistor connected to the gate line, the
second thin film transistor, and the main storage elec-
trode line;

a pixel electrode including a first subpixel electrode con-
nected to the first thin film transistor and a second sub-
pixel electrode connected to the second thin film tran-
sistor; and

a storage voltage transmitting line positioned in the periph-
cral area and applying the storage voltage to the storage
voltage bar,

wherein the width of the storage voltage bar increases 1n
going irom a first end connected to the storage voltage
transmitting line to a second end connected to the stor-

age voltage transmitting line.

50. The liquid crystal display of claim 49, wherein

the output terminal of the second thin film transistor is
connected to the second subpixel electrode and the input
terminal of the third thin film transistor.

51. The display device of claim 50, wherein

the voltage applied to the second subpixel electrode 1s
lower than the voltage applied to the first subpixel elec-
trode.

52. The display device of claim 51, wherein

the area of the second subpixel electrode 1s equal to or
larger than the area of the first subpixel electrode.

53. The display device of claim 52, wherein

the first subpixel electrode and the second subpixel elec-
trode comprise a cross stem including a transverse stem
and a longitudinal stem 1ntersecting thereto, and

a plurality of minute branches extending from the cross
stem.

54. The display device of claim 49, wherein

the gate line transmits a gate signal, and the gate signal
applied to each control terminal of the first thin film
transistor, the second thin film transistor, and the third
thin film transistor 1s simultaneously transmitted.

55. A display device comprising:

a first substrate including a display area and a peripheral
area enclosing the display area;

two storage voltage bars respectively positioned in the
peripheral area at two sides of the display area;

a gate line positioned on the first substrate;

a main storage electrode lines positioned on the first sub-
strate and connected to the two storage voltage bars;

a data line positioned on the first substrate and intersecting
the gate line;

a first thin film transistor and a second thin film transistor
connected to the gate line and the data line;

a third thin film transistor connected to the gate line, the
second thin film transistor, and the main storage elec-
trode line; and

a pixel electrode including a first subpixel electrode con-
nected to the first thin film transistor and a second sub-
pixel electrode connected to the second thin film tran-
s1stor,

wherein the two storage voltage bars are applied with a first
storage voltage and a second storage voltage, respec-
tively.

56. The display device of claim 55, wherein

the magnitude of the second storage voltage 1s equal to or
larger than the magnitude of the first storage voltage.

57. The display device of claim 56, further comprising:

a first storage voltage transmitting line applying the first
storage voltage to the two storage voltage bar; and
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a second storage voltage transmitting line applying the
second storage voltage to the two storage voltage bar.

58. The display device of claim 57, wherein

the storage voltage bar comprises a first end that 1s con-
nected to the first storage voltage transmitting line and a
second end that 1s connected to the second storage volt-
age transmitting line.

59. The display device of claim 55, wherein

the output terminal of the second thin film transistor 1s
connected to the second subpixel electrode and the input
terminal of the third thin film transistor.

60. The display device of claim 59, wherein

the voltage applied to the second subpixel electrode 1s
lower than the voltage applied to the first subpixel elec-
trode.

61. The display device of claim 60, wherein

the area of the second subpixel electrode 1s equal to or
larger than the area of the first subpixel electrode.

62. The display device of claim 61, wherein

the first subpixel electrode and the second subpixel elec-
trode comprise a cross stem including a transverse stem
and a longitudinal stem intersecting thereto, and

a plurality of minute branches extending from the cross
stem.

63. The display device of claim 35, wherein

the gate line transmits a gate signal, and the gate signal
applied to each control terminal of the first thin film
transistor, the second thin film transistor, and the third
thin film transistor 1s simultaneously transmitted.
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